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Thb first Bngliflh edition of this work was published in 1891 , and 
that a second edition is now called for is, we think, a sufficient 
proof that the enthusiasm of the author for his science, and the 
philosophical method of his teaching, have been duly appreciated 
by English chemists. 

In the scientific work to which Professor MendeldefiTs life 
has been devoted, his continual endeavour has been to bring the 
scattered facts of chemistry within the domain of law, and accord- 
ingly in his teaching he endeavours to impress upon the student 
the principles of the science, the generalisations, so far as they ha^e 
been discovered, under which the f&ctA naturaUy group themselves. 

Of those generalisations the periodic law is perhaps the most 
important that has been put forward since the establishment of the 
tttomic theory. It la therefore interesting to-note that Professor 
Mendel6efif was led to its discovery in preparing the first Russian 
edition of this book. 

It is natural, too, that the further application and development 
of that generalisation should be the principal feature of this, the 
latest edition. 

There are special difficulties in rendering the Russian Ian* 
gaage into good English, and we are conscious that these have 
not been entirely overcome. Donbtlees also there are errors of 
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statement which have escaped correctioo, bot we believe that the 
pneent editioo will be found better in both reapeota than iU pr^ 
decessor. We have thonght it onr duty ss traoslators to give aa 
&r as poaalble & faithful reprodnction of Professor Mendel^S*a 
work — the sixth Rosaian edition — without amplifying or modifying 
hia atatementa, &nd in this we have the author's approval. 

Although other dutiea have prevented Mr. Greenaway from 
imdertaldiig th^ care of the preaent editioD, he has been kind 
•nongh to give us the benefit of hie Buggestioos on several pointa. 
We also wish to thank the Managers of the R«yal Institution fop 
permission to reprint the lecture delivered at the Eoyal Institution 
by Profesaor Mendel^S' (Appendix I.), and to the Council of the 
Chemical Society for permission to reprint the Faraday lecture 
iriiich ferms Appendix II. 

Id oonclasioD, we are indebted to Ur. F. Evershed, who has 
^ven OB mnch valuable asaistaiioe in revising the sheets fbr the 
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AUTHOE'S PEEFACE 

TO 

THE SIXTH BQSSIAN EDITION 



This work was written during the years 1868-1870, its object 
being to acquaint the student not only with the methods of observa- 
tion, the experimental facts, and the laws of chemistry, but alsa 
with the insight given by this science into the unchangeable sub* 
stratum underlying the varying forms of matter. 

If statements of fact themselves depend upon the person who 
observes them, how much more distinct is the reflection of the per- 
sonality of him who gives an account of methods and of philosophical 
speculations which form the essence of science ! For this reason there 
will inevitably be much that is subjective in every objective exposi- 
tion of science. And as an individual production is only significant 
in virtue of that which has preceded and that which is contemporary 
with it, it resembles a mirror which in reflecting exaggerates the 
size and clearness of neighbouring objects, and causes a person necur 
it to see reflected most plainly those objects which are on the side 
to which it is directed Although I have endeavoured to make my 
book a true mirror directed towards the whole domain of chemical 
changes, yet involuntarily those influences near to me have been the 
most clearly reflected, the most brightly illuminated, and have tinted 
the entire work with their colouring. In this way the chief pecu- 
liarity of the book has been determined. Experimental and 
practical data occupy their place, but the philosophical prindplea 
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dear tdenoe form tbe chief tbeme of tbe <rortc. In former tlmM 
Bdenoea,-like bridges, could only be buUl up bj Gupporting them 
OO a few broad battressea and long girders. In addition to tli6 
expondoD of the principles of chemistry, it has been ray desire to 
show how scieoce has now been built up like a suspension bridge, 
npported by the united strength of a number of slendeir, but 
firmly-fiidd, chains, which individually are of tittle strength, and 
has thus been carried over difficaltias which before appeared in- 
nperablc. In comparing the science of tbe past, the present, ond 
the fatnre, in placiug tbe particulars of ita restricted experiments 
idde by aide with ita aspirations after unboanded and infinite 
trath, and in restraining myself from yielding to a bias towards 
the most attractive path, I have endeavoured U> incite in the reader 
• ^irit of inquiry, nhicfa, diasatisGed with speculative reasonings 
alone, should subject every idea to experiment, encourage tbe habit 
of stabbom work, and excite a search for freeh chains of evidence to 
complete the bridge over the bottomless unknown. History proves 
that it is possible by this means to avoid two equally pemiciotia 
extremes, the Utopian — a visionaiy contemplation which proceeds 
from a current of thought only — and the stagnant realism which 
is content with bare facts. Sciences like chemiEtry, which deal 
with ideas as well as with material substances, and create a possi- 
bility of immediately verifying that which has been or may be 
discovered or assumed, demonstrate at every step that the work 
of the past has availed much, and that without it it would be 
impossible to advance into the ocean of tbe nnkiiown. They 
also show the possibility of becoming acquainted with fresh 
portions of this unknown, and compel as, while duly respecting 
the te-ichinga of historj', to cast aside classical illusions, and to 
engage in a work which not only givee mental satisfaction bat is 
also practically useful to all our fellow-creatures.' 

' Cbemldo ' li^ BTcr; other leJeDM. u al odm s iiw4di umI so and- It it a 
■ucaiit of allaimng nrtain pracUcal rMnlU. Thui, b; iU asti(tanc«, tbe oMalniof 
ot tuatm in ita varHuia torma ia tacilitaUd ; it ihowi ntii poaaibibtMi ot a^kiliag 
ouTHlica of the toreca ol natore, indioatca the oicthoJ* of pnpohiis maaj mA- 
itaoMU. points oul their propertiea, de. InthiaaeDMchemiatr; ia ckiaat; sodimcUI 
«tlh tb* voTk ot the maaofMUnt anl the ai1iMa.lU^bani*MU««ktBlita 
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Tbaa the desire to direct those thirsting for truth to the pnre 
source of the science of the forces acting throughout nature forms 

(ncftna of promotiDg geoer&l weltiire. Besidiis thia honouToble Tocalioa, cbcmuti; 
hu another. With it, as with sTflry other elsboraWd sdaiicB, there are mniij loKy 
upiralioaa.lhecoalemphitioiiol which aerves to inapite iU natken and adheieota. 
This coDtemplation comprisea not cnl; ths piiaaipil dais ot the Bci«ace, hut alia 
the generall}' -accepted [iGdiictions. and also bjpoIheBea nhich n?(er to pheaonjeaa 
as jel bat iajperleclly kDono.. In Ihia latter aeaae BclaalJUc oantempUtioo Tariei 
mush «i(h times and persona, It bttia the itamp of creativa power, and em- 
bracsa the higlieal forms ol scientific progtesa. In that pure enjoyment ei> 
parisDoed on approaahiag to Cbe ideal, in that eagemoSB (o draw aside the veil 
from the hidden truth, and even is that disoord which eiiala between the Tarian* 
workera. we might to aee the aureat pledgea ol tntther scientific pcogreu. Scienee 
Ihoi advances, discoToring new trutha, aad at the aanie time obtaining practical 
malts. The edifice ol science not ohlj reqaires material, but also a plan, and 
necessitatea the work ot ptepating the maleriali, putting them together, working 
out the plana and Ibe symmetrical propottictta ol lbs rarioua parts. To canceiie, 
ludsrstand, and grasp the whole Bjmmetl; ot the sdentifio edifioe, inelading its 
ooSilisbed portions, is e laivalent to tasling that enjojiDent onlj ennieyed bj ths 
highest forms of beaut; and (ruth. Without tbe material, the plan alone is but 
a castle in the air — a mere possibility ; whilst the Tnstorial without a plan is but 
useless matter. LU depends on tbe ooncordanoe o( the materiaU with the plati and 
eieculion, and the general harraoDj Iherehj attained. In the work of science, tbe 
artisan, architect, and creator are very often oae and the same individual ; but 
•ometimei, aa in other walks ot lite, (here is a diDerence betneen them : someluoes 
the plan is preoonceiied. sometimES it IdUowe the preparation and accniDulatioa 
ot the taw maleriat. Free access to the edifice ol science is col oolyallowed to 
those who devised the plan, worked out the detailed drawings, prepared the 
EQatcriBls. or piled up the brickwork, bat also to all those who are desirous of 
■naking a close acijuaiiitaDee with the plan, and wish to avoid dwelling in the 
vaults or in the gs nets inhere (ho useless lumber is stored. 

Knowing hew contecled. tree, and joyful is life in the realm Ol seience, one 
fertentty wiahei that many would, enter ita portals. On this nocouDt manjp 
page* ot this treatise are unwittingly stamped with Ibe earnest deaite that tbe 
habits ol ohemieal oODtemplatioD wbiob I have endeavoured to instil into Ibe 
minds ot my readers will incite them to the lurlbet study ot science. Science will 
tbsD Boarish in them and by tbem. on a fuller aequaiatance not only with that 
little which is enclosed within the narrow limiu of my irork. but with the turthei 
learning which they must imbibe in order to make themselves maslen of our 
Mienoe and partakers in its further advancement. 

Those who enlist in the oause of scieace have no reason to lear when they 
remember the urgent need lor practical workers in the spheres ol a^iriDulIare, arts, 
and manufaetore. By summoning adherents to the work ol theoretical cbemictry, 
I am Eonfident thai I call them to a moat oaelul labour, to tbe habit ol dealing 
eorreotlj' with nature and its laws, and to the possibility ol bei:omiDg truly practical 
men. In order to become actual chemists, it is necessary lor beginners to be well 
and cloaely acquainted with three important branches of cliemislry— analytmat, 
organic, and theoretical. That part ol cbemislry which is dealt with in this 
bsatise it only the groundwoik ot (he edifice. Foe the learomg and developmant 
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the first and most important aim of this book. The time has ar- 
rived when a knowledge of physics and chemistry forms as im* 
portant a part of education as that of the classics did two centuries 
ago. In those days the nations which excelled in classical learning, 
stood foremost, just as now the most advanced are those which are 
superior in the knowledge of the natural sciences, for they form 
the strength and characteristic of our times. In following the above 
and chief aim, I set myself a second object : to furnish a text-book 
for an elementary knowledge of chemistry and so satisfy a want 
which undoubtedly exists among students and those who have re- 
course to chemistry either as a source of truth or welfare.' Hence, 

ol ohemiBtry in its tniest and follett sense, beginners ought, in the first pUoe, to 
tan their attention to the practical work of analytical chemistry ; in the second 
place, to practical and theoretical acquaintance with some special chemical quea- 
tion, studying the original treatises of the investigators of the subject (at first* 
under the direction of experienced teachers), because in working out particular 
facts the faculty of judgment and of correct criticism becomes sharpened ( in the 
third place, to a knowledge of current scientific questions through the speoifl 
chemical journals and papers, and by intercourse with other chemists. The tima 
has oome to turn aside from visionary contemplation, from platonic aspirations, 
and from classical verbosity, and to enter the regions of actual labour for tha 
common weal, to prove that the study of science is not only an excellent education 
for youth, but that it instils the virtues of industry and veracity, and creates solid 
national wealth, material and mental, which without it would be unattainable. 
Science, which deals with the infinite, is itself without bounds. 

' I recommend those who are oommenoing the study of chemistry with my 
book to first read only wh€U is printed in the large type, because in that part I 
have endeavoured to concentrate all the fundamental, indispensable knowledge 
required for that study. In the footnotes, printed in small type (which should be 
read only after the large text has been mastered), certain details are discussed ; 
they are either further examples, or debatable queetions on existing ideas which 
I thought useful to lay before those entering into the sphere of science, or certain 
historical and technical details which might be withdrawn from the fundamental 
portion of the book. Withoat intending to attain in my treatise to the complete- 
new of a work of reference, I have still endeavoured to ex pr es s the principal 
developments of science aA they oonoem the chemical elements viewed in thai 
aspect in which they appeared to me after long continued ttady of the subject and 
participation in the contemporary advance of knoiriedge. 

I have also plaoed my personal views, soppoeitions, and arguments in the fool* 
tiotee, which.are chiefly designed for details and references. But I have endeavoured 
to avoid here, at in the text, not only all that I consider doabtfnl, but also those 
details which belong either to speoiai branches of ehemiatry {kit instance, to 
analytical, organic, physical, theoretical* physiological, agriooltoral, or teehnical 
chemistry), or to different branchee of natural science which are more and moie 
eomingioloclosvandcJoMreontaotvitbebeiiiiatiy. Chsmietry, I ameopfinedl. 



although the fiindunental object of this work was to express and 
emfat^ce the general chemical teaching of the present day from a 
personal point of view, I have nevertheless striven tiiroughont to 
maintain sachalevelas wotild render the ' Principles of Chemtstr? ' 
accessible to the beginner. Many aspects of this work are det«r- 
mined by this combination of reqniremeots which frequently differ 
widely. An issue was only possible under one condition, i.e. not 
to be earned away by what appears to be a plausible theory in ex- 
plaining individaal facts and to always endeavour to transmit ths 
ample truth of a given fact, detracting it from tlie vast store of ths 
literature of the subject and from tried pei-sonal experience. la 
poblishing a new edition of this work I have striven toadd any facU 
vt importance recently discovered ' and to revise the former edition 
In the above spirit. With this object I have entirely gone over this 
edition, and a comparison of it with the former one will show that 
the additions and alterations have cost as much labour as many 
DlDat occupy m place umoag the okliir&l Bcieneee aiiJe b]P aide vith mechanics : (or 
nechanios treata oE miMei as a sjatem at ponderable pomM batiag aoareelj bdj 
Individaaiily aod onl; ataiidlng in a certain state of mobile equilibrium. For 
, •htndatr;, matter ta an entire world of lifo, with an inGnite iarie(;of indiiidaalilf 
ft betli in the elements and in thsii Dambinstione. In studying the geDeri^ 
rvLlfoimlt; Iroin a mochanical point ot view, t think that the highest point ot 
iwledge of natora cannot be attained without taking into account the indi- 
vidpalil? of thins* in whioh chemislrj is set to seek for genetal higher laws. 
UechuiicB ma.; be likened to Ibesoienoeot HateBmanihip, chemiatrj to the seien«eB 
ot inrispnidcnce and sociology. The general univene could not be built op wilhoDt 
the paitieular individaal nnivefse, and would be a-dry abstract wore it not enlivened 
by the real variety of the individnsJ world. Mechanics forms the claesical baaii ol 
OBlutal phUoiopby, while ohemlsli]', as a comparatively new and still young science, 
already strives to— and wfll. in the future— introduce a new. living aspect into 
the philosophy ol nature ; all the mote as cliemiilry alone ia never at rest or anj* 
where dead— its rita] action has universal awajr, and iaerilably dcleiminee tb* 
ganaral aspect ot the universe. Jast as the mierosoope and telescope enlarge the 
Dope of vision, and discover life in seeming immobility, so cbemistryi in discovering 
d4 striving to discern the life ol the invisible world ol atoms and mo1(cu1ei 
nd their ultimate limit of divieibilily. will clearly inlroduoe new and imporlanl 
nblams into our oonoeption ot uataie. And I think that Eta r6U, trhioh is now 
Muiderable. will lociease more and more in the tuture ; thai is. I think that in 
■ torthei devolopmeol it will occupy a pUoe side by side with mechanics for the 
I 4cuiprehe[iiionol the secrets of nature. But here we require some second Newton; 
E-flOd I have no doabt that be will soon appear. 

' I was mueh helped in gathering data from the various chemical Journals of 
w last Sve years by the abstnots made tor me by Ur V. V. EourilloS, to wbooi I 
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eliapters of the work. I also wished to show in an elementary 
treatise on chemistry the striking adv^antages gained by the 
amplication of the periodic law, which I first saw in its entirety in 
the year 1^69 when I was engaged in writing the first edition of 
this book, in which, indeed, the law was first enunciated. At that 
time, however, this law was not established so firmly as now, when 
80 many of its consequences have been verified by the researches of 
numerous chemists, and especially byRoscoe, Lecoq de Boisbaudran, 
Nilson, Branner, Thorpe, Carnelley, Laurie, Winkler, and others. 
The, to me, nnezpectedly rapid success with which the teaching 
of the periodicity of the elements has spread in our science, and 
perhaps also, the perseverance with which I collected in this work, 
and upon a' new plan, the most important data respecting the ele- 
ments and their mutual relations, explained sufficiently the fact 
that the former (5th, 1889) edition of my work has been translated 
into English ^ and G-erman ^ and is being translated into 
French.^ Deeply touched by the favourable opinions expressed 
by English men of science upon my book, I ascribe them chiefiy to 
the periodic law placed at the basis of my treatise and especially of 
the second part of the book, which contains a large amount of data 
having a special and sometimes quite unexpected, bearing from 
the point of view of this law. As the entire scheme of this work 
is subordinated to the law of periodicity, which may be illustrated in 
a tabular form by placing the elements in series, groups, and periods, 
two such tables are given at the end of this preface. 

In this the sixth edition I have not altered any essential feature 
of the original work^ and have retained those alterations which 
were introduced into the fifth edition.' I have, however, added 

« The English translation was made by O. Kamensky, and edited by A. J. 
Chreenaway; published by Longmana, Oreen A Oo. 

* The German translation was made by L. Jawein and A. ThiUot ; published 
by Bidker (St. Petersburg). 

' The French translation has been commenced by E. Aohkinaai and H. Oarrioo 
from the fifth edition, and is published by Tignol (Paris). 

* The fifth edition was not only considerably enlarged, compared with the 
preceding, but also the foundations of the periodic system of the elements were 
plaoed far more firmly in it than in the former editions. The subject-matter was 
alio divided into text and footnotes, which contained detaila nxmecessary tor a first 
aoquaintanoe with chemistry. The fifth edition told out •ooner than 1 expeole^ 
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many newly discoTidred &ct8, and in this respect it is necessary to 
say a few words. Althongh all aspects of the simplest chemical 
relations are as far as possible equally developed in this book, yet 
on looking back I see that I have, nevertheless, given most 
attention to the so-called indefinite compdnnds examples of which 
may be seen in solutions. I recnr repeatedly to them, and to 
all the latest data respecting them, for in them I see a startipg 
point for the future progress of our science and to them I 
affiliate numerous instances of definite compounds, beginning 
with alloys and silicates and ending with complex acids. There 
are two reasons for this. In the first place, this subject has 
deeply interested me from my youth ; I have devoted a portion of 
my own researches to it, and therefore it occupied an important 
position even in the first edition of my book ; besides which all that 
has been subsequently accomplished in our science, especially during 
the last five or six years, shows that at the present day an interest 
in these questions plays an important part in the minds of a 
large circle of contemporary workers in chemistry. This personal 
attachment, if I may so call it, to the question of solutions and 
Budi indefinite compounds, must involuntarily have impressed itself 
upon my work, and in the later editions I have even had to strive 
not to give this subject a greater development than previously, 
BO great was the material accumulated, which however does not 
yet give us the right to consider even the most elementary questions 
respecting solutions as solved. Thus, we cannot yet say what a 
solution really is. My own view is that a solution is a homo- 
geneous liquid system of unstable dissociating compounds of 
the solvent with the substance dissolved. But althongh such a 
theory explains much to me, I cannot consider my opinion 
as proved, and therefore give it with some reserve as one of 
several hypotheses.* As a subject yet far from solved, I might 

BO 4bai instead of issuing sapplemerts (oontaining the Ute^ ditcoreries Id 
diemistry), as I bad proposed, I was obliged to publisb the preaant entiiely new 
edition of tbe work. 

' This hypothesis is not only mentioned In different parts of thia book*, bat It 
partly (from the aspect of the specific gravity of solations) developed In my woik* 
7JU IfW€»H{f(Ui<m of Solutions from their 8pee{fio Otnviiy, 1887. 
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lUtarsllf have ignored it, or only meationed it oarBorily, bat such a 
treatment of solutions, FLithongh nsa&l in elemeaUrr treatises ou 
chemistry, woa]i not have answered tay views upon the subject of 
our Bcience, and I wished that the reader might God in my book 
beyond everything an expression of all that a study of the subject 
bnilt np for .me. Tf in. solutions I see and can freqaently prove 
distinct evidences of the existence of those definite comjwunds 
which forni the more generalised province of chemical data, I 
coold not refrain from going into certain details respecting 
Bolations ; otherwise, there would have remained no trace of that 
general idea, that in them we have only a certain iDst&nce of ordi- 
nary definite or ntomio compounds, subject to Dalton's laws. 
Having long had this idea, I wished to impress it npon the 
render of my book, and it is this desire which forms the second of 
those chief TL-iisijns why I recar so frequently to solutions in this 
work. At present, my ideas respecting solations are shared by 
few, but I trust that by degrees the instancoa I give will pave 
the way for their general recognition, and it is my hope that they 
nay find adherents amdng those of my readers who are id a 
poeitioa to work out by experiment this difficult bot highly 
interesting pnfblem. 

In conclnsioD, I desire to record my thanks to V. D. Sapogenikoff, 
who has corrected the proofs of the whole of this edition and com- 
piled the indexes which greatly facilitate the search for thoee 
details which are scattered throughout the work. 

D. MENDELBEFF. 
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Nb 94 
vol. ii. 197 


7Di 142 
voL IL 98 


Ta 188 
^ol. ii. 197 


— 


vol. i. 228 


VL 




16 


Cr 62 


Mo 96 
vol. U. 290 


— 


W 184 
vol. U. 290 


U 889 
vol iL 897 


vol. i. 116 


voL ii. 276 


VU- 




F 19 


Mn 66 


? 99 


— 


— 


— 


vol. i. 489 


vol. ii. 808 








Fe 66 


Ba 102 
vol. ii. 809 


— 


Ot 192 

vol ii. 869 




vol. ii. 817 








Co 69 


Bh 103 




Ir 198 




vin. 






vol. ii. 868 


vol. U. 869 


^ 


vol ii. 869 






■ 




Ni 69-6 


Pd 106 
voL u. 869 


— 


Pi 196 




vol. iL 868 


vol. a. 869 






IrdSerlM 


»ib8«iM 


7thBert«i 


HhStrtoi 


lltbflferlca 




I. 


H 1 

toL L 189 


Na 28 


Co 64 


kg 108 


— 


Aa 197 




vol. i. 688 


vol. ii. 898 


vol. ii. 416 


vol. iL 442 


a 




Mg24 


Zn 66 


Cd 112 
voL U. 47 


— 


Hg 200' 




vol. i. 690 


vol. ii. 89 


vol. ii. 48 


IIL 




Al 27 


Oa 70 
vol. U. 90 


Id 114 
voL U. 91 


- 


Tl 204 
vol ii. 91 




vol. U. 70 


IV. 




Si 88 


Oe 72 
voLU.124 


Sn 119 


— 


Pb207 




vol. U. 99 


voLU. 126 


vol iL 184 


V. 




P 81 


At 76 


Sb 120 


— 


Bi 209 
vol iL 189 




vol. ii. 149 


voLiLl79 


vol. ii. 186 


VI 




8 82 


Be 79 
vol. ii. 270 


Te 126 
voL U. 270 


— 


— 




vol. ii. 200 


va 




Gl 86-6 
vol. i. 469 


Br 80 


I 127 


— 


- 




vol. L 494 


vol. i. 496 



Not4.— 'Two linet ander the element* indicate those which are very widely dietriboted to 
natOM ; one line indioatee those which, elthoogh not eo freqnenUy met with, are of fffmmnl a«a 
la llie arte and mannfeetaree 
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PBINCrPLES OF CHEMISTBY 



INTRODUCTION 

Tbb study ot natural science, whose rapid development dat«a from 
thedayaof OAiileo(tl642) and Newton (tn2T}, and its closer applica- 
tion to the eit«rnal uoiveree ' led to the separatioa of Chemistry as a 

> Tbo inveBti^tioa of ■ gnbaUuKe ecu nBlnrnl phenomenDn eonaisU (a) in delermln- 
(ng the reUtion of ths object nudet BummUina to that vliich is already IraoirB, olthsT 
from pHTioDi rsBeuvbeB, ot [rom Eigx-nmeDt. or from the knowladge ot tha Dommon 
MlTToandingB of life — that is, ld dotentuDiog ^od exproftvDg the qiulity of the onlmowb 
bj the (id of that which ie known ; <&) in mcunriiig nU thit vhich can be nibjected to 

to Ihnt iklrodT known and ite relilion to the uttegoheH □[ lime, Bpikce, teiupenton, 
muc, Ac. : (f) in dBtennining the pogition iiM by the object ludst inioBtigation in tha 
■ysleni ot knovn objects gnidod by both qiialiUtiva uid qiuotiUIiie data ; (^ in de- 

danca |f unction, or < taw.' aa it is •ometioieH termed) of variable faclorv— for in<tance.tba 
dependencB of the compovitioD of tba mbilance on ita properties, oF l«mp«ntare on 
time, of time on locaJity. Ao.j («) in ftimtng hypolheaea or propoiitioni a> to tha actiul 
oaoH and true nature of the lofation between that itudied (meaanred or obierred) and 
that which ii known or the categoriei of time, >p*ce, Ac, : (/) in Teritying tha logical 
oonaoqnanaefl of the faypothaaea by axperiment;.and (^) in advancing a theory which 
■hall tocouot foe the oatore of the propellin ot that itodicd in its Tclalioni with tbingi 
alreudy known and with thoae conditions or eat«gariei among which it oxi«t& It ia 
oerlain tbut it i* only poaaible to cairy ost Uu»t> inveriigationa when wa haia taken u 
■ baaia aome inconleatable fact which ia aelf -evident to oiit tmdettlanding ; ae, tor utitanoe, 
Domber, time, apace, motion, or maai. The delenoination of socb primary or fonda- 
BifintaJeoncflptionB.aithonghnot€iduded from the poesibilityof inreitigation, freqoanll j 
dee> not aobject itself to ODi preHnt mode of sciantiflD genanliaatioo. Hence it followi 
Ibat in the inveitigation of anything, there atwaya ranaina something which ia accepted 
without inreetigation, or admitted ai a known factor. The axioms of geometry may be 
lakeu as an example. Thua in the science of biology it ia necessary to admit the faculty 
of organisma for mnltiplying themeeliea, u ■ eoDceptiDu whoM meaning i* aa yet 
onknoin)- To the stody of chemistry, too, the notion of elements most be socepted almost 
without any further analysis. However, by first investigating that which ia pisihle and 
tubjcot to direct obaerration by the organs of the eensea. we may hope that in the first 
place hypotheses will be arrived at. and afterwards theories of that which bai now to be 
fiv^ at the basis of our investigations. Tha minds of the ancients strove to sciM at 
once tha very fundamestal catagoiiet ot byestigation, whilst all the socoessea of reotot 
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particular branch of nataral philosophy, not only owing to the in- 
creasing store of observations and experiments relating to the mutual 
transformations of substances, but also, and more especially, because 
in addition to gravity, cohesion, heat, light and electricity it became 
necessary to recognise the existence of particular internal forces in the 
ultimate parts of all substances, forces which make themselves mani- 
fest in the transformations of substances into one another, but remain 
hidden (latent) under ordinary circumstances, and whose existence Can- 
not therejfore be directly apprehended, and so for a long time remained 
unrecognised. The primary object of chemistry is the study of the 
homogeneous substances ^ of which all the objects of the universe are 

knowledge are based on the above-^ited method of investigation without the determiniu 
lion of ' the beginning of all beginnings.* By following this indaotiTe method, the exact 
»ei§neet have already succeeded in becoming accurately ac<]aainied with much of Uie 
invisible world, which directly is imperceptible to the organs of sense (for example, the 
moleotdar motion of all bodies, the composition of the heavenly luminaries, the paths of 
Ihair motion, the necessity for the existence of substances which cannot be subjected 
lo experiment, ^c), and have verified the knowledge thus obtained, and employed it for 
iooreaaing the interests of humanity. It may therefore be safely said that the indue* 
Hve method of investigation is a more perfect mode of acquiring knowledge than tho 
deductive method alone (starting from a little of the unknown accepted as inoontestaUo 
lo arrive at th^ much which is visible and observable) by which Uie ancients strove to 
•mbraoe the universe. By investigating the universe by an inductive method (endeavour* 
ing from tho much which is observable to arrive at a little which may be verified and 
Is indubitable) the new science refuses to recognise dogma as truth, but through reatOHf 
by a slow and laborious method of investigatfon, strives for and attains to true do. 
daotions. 

* A substance or material is that which occupies space and has weight ; that it, 
which presents a mass attracted bj the earth and by other masses of material, and of 
which the objcctt of nature are composed, and by means of which tho motions and 
phenomena of nature are accomplished. It is easy to discover by examining and 
investigating, by various methods, the objects met witli in naturo and in the arts, thai 
■ome of ihem are homogeneous, whilst others aro composed of a mixture of several 
homogeneous substanoeii. This is most clearly apparent in solid substances. Tho 
metals used in the arts (for example, gold, iron, copper) must be homogeneous, otherwiso 
they are brittle and unfit for many purposes Homogeneous matter exhibits similar 
propertiee in all its parts. By breaking up a homogeneous substance we obtain parto 
which, although different in form, resemble .each other in their properties. Olass, pura 
ngar, marble, A;o., are examples of homogeneous substances. Examples of non-homo>* 
geneous substances are, however, much more frequent in nature and the arts. Thot 
Iho majority of the rocks are not homogeneous. In porphyries bright pieces of a mineral 
oalled 'orthoclase' are often seen interspersed amongst the dark mass of the rock. In 
ordinary red granite it is easy to distinguish large pieces of orthoclase mixed with dark 
•emi'transparent quartz and flexible laminaa of mica. Similarly, plants and animals on 
Boo-homogeneons. Thus, leaves are composed of a skin, fibre, pulp, sap, and a greao 
oolooring matter. As an example of those non-homogeneous substances which are pio- 
dnood artificially, gunpowder may be cited, which is prepared by mixing together knows 
prop ort iona of sulphur, nitre, aqd charcoal. Many liquids, also, aro not homogeneous, m 
may be observed by the aid of the microscope, when drops of blood are seen to consist of 
a ccflontleM Uqoid in wbioh red corpnadea, invisible to the naked eye owing to their 
mall aiie, are floating about IHs these corpuscles which give blood its peculiar colour. 
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mode up, with the tranBformations of these 8ubst*DC«a into each other, 
Mid with the phenomeDA* which aocompou; such transformatioDa. 
Everf chemical ch&nge or reaction,' as it is called, can only take place 
ouder a condition of most intimate and close contact of the re-acting 
enbetaucee," sod is determined by the forces proper to the noaltest 
fnmible p&iticlea (molecales) of matter. We mast distinguish three 
chief clacses of chemical transformations. 

I. CombimUion is a reoctioD in which the uoion of two substancea 
yields a new one, or In general tenna, from a. given cumber of sub- 
■taoces, a lesser number is obtained. Thus, by heating a mi^ctore of 
iron and sulphur^ a single new mbstonce is prodaced, iron salphide, in 

IGIk I* klH • tnaipuuii Uqold, in whiob DUOTOWopioil diops of Ul us SotUnj, vhioti 
tJMB lo Um lop wbea milk i> tatt it mt, forming cnun. It i* pouibls to eitnal (ram 
(TO? Bon-tuniioKeaHiti) gnbetuiM tbo«e bomogatiMSi imbatuicu of wblcb it i« nud* 
sp. Thna Dilhoclrue mty bo lepantod tiom porphyi; b; btMlang it d9. BoaJtogoldii 
OtnoCed trom iLiiritDioiu Hod b; wMbisg Rwif the miitnrs of clfty ind uDd. 
Cbusiatiy dealt only with tlw hornDguwoM labituicea met ■itb in lUklorc, or eitrut«d 
trom DBtonl or gittflaiul noa-homoguwoiu anbiluiOM. The thIoiu miitojo* toimd 
fa utnn [arm lbs labjoct* of olhat lutiml KinHia-^a gaognmj, boHmf, loalogj, 
•tiatom;, So. 

■ AU thoK avoDt* vhisb tie Mcontpltahal bj •abManoM In Uma ue tannad < phsao- 
menk.' Phenomea* in thomMtvea Ions tb* larfrnjinnttl (Bblwt ol the itudf of phyain, 
Hotlon is the ^rimarj tai moit geoanllj nsdantood tetm ot phuiomeDan, uid tbet*- 
(ota wa endaavonc to reuon about olfaarpbanomsDa H olatilyuvbeo dealmg with motion. 
Vat thii maoo rowhimlca. which trsata of molioii, loimi ths ttndaioaiitkl Kiaiuia ot 
natnnd ^liloaopbr, ud idl other sciimcei ondu?oai to r«dao« ths phanonuaa with 
vluch IliaT ua concarseil lo mechnnical princlploa. Asttooomj wu tha tint lo Uka 
tothi* pith of leuomng. and lacceeded in muij ouei id ladooiBg utranomlecl lo 
poielj madianiral phaDoment. Cbemiit:? ajid phriioi, phjiioIogT uid l^ology us pro. 
«a«ding in ths timv dirMtion. Oco ot tha moat important qneatioDB of til oktor*! fcienca, 
add oDo whjcb hu boon tLandcd down from the p^oeophan of dauio limaH, it, whalhav 
tb« comprehcnBion of tU tfant i> Ti«bla can be reduced to motiDn ? Iti participation in 

llunndthit muij iDbatwuee coolod to -lB0''aaoreacemoTeitrongl7thuiaithDordiQar} 
taDpontnre: u.Uut then il a moIioD in thorn which [jradoaei light) tnugt now b* 
faaogniaed *« DDdonbUbte from dind eiporimmt uid obMrrstion, bnlttdoeanol loUow 
Imn thii that bf motwa alooa cui all bo eipluned. Tbii followa. hoveiu, tnm tho 
ftot tbiLt we onnot apprehend motion otheniiw thui b; rocognluog matter in a atata 
6f BuHion. It light end alacUioitT bs oodentood u puticnlar lormi of aolion, then wo 
But inevitably rocogmjie the eiiitence of a, pecoliu Imnuuforoila [nnirerul) ether u a 
laatiirial, tnuiHmitting thia form of motion- And vx uodcr- the pmeot alale ot biov- 
ladgDiIt ia inoTitably ooeeaaaiT to nwogDiae the partianlu cal^oriat, motion andmatbor, 
tnd aa chemisti; la oiare cloaelj ooooamad with the Taiioua foimi of tha latter, it ahoBld, 
together with mechuiica or (bo atudf ol moboa, lio at tha bA*i« of nalon] aoieaoi. 

* The Torb * to rooct ' mauu lo aot or ohange ohamioallj. 

' If a phanoaoiiaa proooed* al riiibla or neaiorable diiluieeo (ae, tor Initaiioa, 

pe ; that it to aay, Ihry are pore] j molecolar. 
II thia pnrpOK a piooo of iron maj be made red hot to a lergc. and than plaeed 
lU with a loD p of n^ni, whao itoB (olphidu will bo oblalood a* a mnlWn 
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which the oonstitaaal ntMUooM euuMt ba dwtingnirftri 
the highect nwgni^riiig power. Balom the metioii, the iraa Mold ba 
WfMnted tram the mistaro bj » nwgiMt, aad the Milphitr by ditfolTtiig 
it in cerUin oil; liqouia ; ' in getteni, before eombioktion the; mi^it 
be mecbkiikalljr Mp*rat«d 6mn c«cb other, bat alter combiiutioo both 
■nfaatftDoee penetnte into each other, and are then neither machauoon/ 
•eparable nor individuallj distingimbable. Aj a rule, renctiona ol 
direct combination are accoinpaiii«i bj an eTolatton of beat, and tit» 
oommon cote of cambustion, evolvitig heat, conusta in the combination 
of combiutible (ubrtancee iHth a porti>>Q (oxygen') of the atmoaphera, 
the gales and vsponn contained in the nnoke beiog the prodoct* of 
combination. 

2. Reaettona of deeompotititm are cmm the rerene of tbote ol 
oombinatioD, that u,iii which one aobstuioe give* two— or, in general,* 
given number of aabatance* a greater number. Tboa, hj beatjng wood 
(and alao ooal and manj animal or vegetAble lubstances) wiihont acoeu 
to air, a combUEtible gas, a watery liquid, tar, and carbon are obtained. 
It i* in thia waj that tAr, illaminating gaa, and charcoal are prepared 
on ■ largo toalo.' AD limestonee, tor example, flagstooea, chalk, or 
marble, an decompoaed by beating to redness into lime and a peculiar 
gM called oarbonio anhydride. A nmilor deoompoaition, taking place, 
however, at a mnob lower temperature, proceed* with the green copper 
carbonato which in oootained in natural malachite. This example will 
bo studied more in datail presently. Whilst heat ia evolved in the 
onlinaiy reaotioiu of combination, it ia, on the contrary, absorbed in 
tlw tvoctiooa of deoompoaition. 

8. TIui third claai of chemical renctiona— where the number of 
ra-Mting nibatanaea is equal to the number of subctances formed — may 

|t^"i.( ■»." i.:^.ii.... 1-Jnj iMoinimoW bj • riftble UWKucIn Uwglowol lbs iraa. 

0' ■ ] wlUi iHmiUnd Hilplinilii Ihepnpoitioa of ■ put«Qf iim 

1 I rio milium plucd ia • (lui tuba, irliieh ia tlua IwiM In as* 

I ri .1 aomnanM wHhnBl Ui« aid ol «tiini>] bfet, buk *h«i one* 

''■ '•'■ iiiiiluro IC 'ntanda UirOD|tb«tit Um «ntini maaa, baHOM 

< i"iit heal Id fonauxg Itod inlphida to ruaa the 
'L>'.'f4tar«r*(|alraJ foribkHhig tbo raaGbion- nie 
iiiifh Mid Kftaii lh« glut tnb«. 

< ; IIiiBOUai It li 1017 (olable <n orbon bUolphlda 
..v,liit.UlnciailKmbi*tilphlJakUid the mlphnr llun«. 

' kiod It tmpaj 'Arf diatUlalion.' boe»D««, u in diitillBtian, 

' r-alltoB, In abiotblat baat, praaaoia uosfa io oonunoD to a 
-Kh u, Inf Manilla, Uul ol K llqold into ■ gw. DariUa 
I'I'XI UkAliln(,*nd Boapatad pWtUI daoospoaitioD, vhso a 
' I iMatuMl la Iba {WmmnoI ita pMtaeM d dasompoiritioa 
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be conddered as a simnltaneous decompocitton and combination. I^ 
for isBtance, two compoundB A and B are taken and they react on «ach 
other to form the subBtanoes and D, then supposing that A ia 
decomposed into D and E, and that E combines with B to form C, wa 
have a reaction in which two substaaceH A, or D E, and B were taken 
and two others C, or E B, and D were produced. Such reaetiona 
aught to be placed under the general term of reactions of 'rtarrange- 
ment,' and the particular case where two Eubslances give two fresh 
ones, reaclions of ' aubatitiUion} * Thus, if a piece of iron be immersed 
in a solntion of blue vitriol (copper sulphate), copper is formed — or, 
rather, separated out, and green vitriol (iron sulphate, which only 
differs from the blue vitriol in that the iron bos replaced the copper) i* 
obtained in solution. In this manner iron maj be coated with copper, 
80 also copper with diver ; anch reactions are frequently made u£e of 
in practice. 

The majoritj of the chemical changes which occar in nature and 
are made ase of technically are very complicated, as they consist of an 
association of many separata and simultaneous combinations, decom- 
podtions, and replacements. It is chiefly duo to this natural complexity 
of chemical phenomena that for so many centuries chemistry did not 
exist as an exact science ; that is so say, that although many chemical 
diauges were known and made UBe ot'° yet their real nature waa 
onknown, nor could tliey be predicted or directed at will. Another 
reason for the tardy progress of chemical knowledge is the partidpatioit 
of gaseous substances, especially air, in many reactions. The tme 
oomprebension of air as a ponderable substance, and of gases in genersJ 
as pecnliar elastic and dispersive states of matter, was only arrived at 
in the sixteenth and seventeenth centuries, and it was only after thii 
that the transformations of substances could form a science. Up to 
that time, without understanding the invisible and yet ponderable 
gaseous and vaporous stuee of substances, it was impossible to obtain 
uy fundamental chemical evidence, because gases escaped from notioe 



■ a laMtion dI reiutwigaiient vmj jn ceiteia cue* Uke place mtl 
eulr ; Ibst ii !□ u^. • nb*luu» may b j iUsU ehuge into a saw uomerte toim. Thfa, 
tat aiunple, il hud fallow nilphDt be luated Lo • l«iapiirttiire of 3KI° and than poiind 
Into cold water It giTei, on woling, a uft, brown Tarietr, OMinory phovphcrtiB, which 
ii truapaient, poisoiuHie, and pboapboreKeat in Uie duk {La tlw aii), giiea, attar being 
healed at 9T0° (in an atmatphata incapable ol mppoitiDg combaBtian, sacli aa iteuo], ao 
Ojiaqaa, »d, and noti-pciionoiia iionieris variety, whieb j> not phoeplianaoent, Caaea of 
iKmariBn paist oat Uu poHlbaitf ol an intanal nanangsnient in a eabetaJm. and ua 
Iha naolt ol an allsation in tbagionping ot tbeaama alammt^laat aa a 
«t hall* maj ba gnmpad in flgnna and torms o( diOenot ibapaa. 

>* Huu the andmU bww bow to sonTart tha iniiie cj gnpea containing the wwwhartna 
pdoripla (glDooaa) Into wine or vlaagir, how to aztnat raatala fnm the <ua> which m 
fcmiA tn the aaith'a emit, sod bow to piepan gtaaa Imm earthf nibstanoe*. 
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between the reacting and resultant enbetaneee. It if easy from the 
impression conveyed to as by the phenomena we observe to form the 
opinion that matter is created and destroyed : a whole mass of trees 
bum, and there only remains a little charcoal and ash, whibtt from one 
small seed there grows little by little a majestic tree. In one case 
matter seems to be destroyed, and in the other to be created. This 
conclusion is arrived at because the formation or coninroption of gase% 
being under the circumstances invisible to the eye, is not observed. 
When wood boms it undergoes a chemical change into gaseous 
products, which escape as smoke. A very simple experiment will 
prove this. By collecting the smoke it may be observed that it 
contains gases which differ entirely from air, being incapable oi 
supporting combustion or respiration. These gases may be weighed, 
and it will then be seen that their weight exceeds that of the wood 
taken. This increase in weight arises from the fact that, in burning, 
the component parts of the wood coibbine with a portion of the air ; in 
like manner iron increases in weight by rusting. In burning ganpowder 
its sabstance is not destroyed, bat only converted into gases and 
smoke. So also in the growth of a tree ; the seed does not increase in 
mass of itself and from itself, but grows because it absorbs gases from 
the atmosphere and sucks water and substances dissolved therein frqm 
the earth through its roots. The sap and solid substances which give 
plants their form are produced from these absorbed gases and liquids 
by complicated chemical processes. The gases and liquids are converted 
into solid sobstanoes by the plants themselves. Plants not only do 
not increase in size, but die, in a gas which does not contain the 
constituents of air. When moist substances dry they decrease in weight ; 
when water evaporates we know that it does not disappear, but will 
return from the atmosphere as rain, dew, and snow. When water it 
absorbed by the earUi, it does not disappear there for ever, but 
accumulates somewhere undergrotind, from whence it afterwards flows 
forth as a spring. Thus matter does not disappear and is not created, 
but only undergoes various physical and chemical transformations— 
that is to say, changes its locality and form. Matter remains on the 
earth in the same quantity as before ; in a word it is, so far as we are 
concerned, everlasting. I^ was difficult to submit this simple and 
primary truth of chemistry to investigation, but when once made clear 
it rapidly spread, and now seems as natural and simple as many truths 
which have been acknowledged for ages. Mariotte and other savants 
of the seventeenth century already suspected the existence of the law 
of the indestructibDity of matter, but they made no efforts to express 
it or to apply it to the requirements of science* The experiments by 
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cf wldcii tliis kimple law was anmd at wcra made duriDg the 
lallar hall of the last centuy by the loBZider of modern ehemistry,. 
LavoaiSB, the French Acsdcsnidan and tax Iwmer. The numeroos 
«speriments of this savant were oondncted with the aid of the balance, 
which is the only means of directly and aocoiatdy det«mining the 
yfctttity of matter. 

lATokier f oond, by wei^^iing all the sabetaDoel^ and even the 
appamtnsy jued in every experiment, andtfaen weighing the substances 
clHained after the chemical change, that the sim of the weights of tiie 
ibstsaees formed was alwajrs equal to the sum of the weights of the 
sabstances taken ; or, in other words : Mattxr d hot osbatsd ahp 
OOIS VOT DiSAPPKABy or that, maiUr it emrlatiiHg. • This expression 
natvially includes a hypothesis, but our only aim in using it is to 
eonsisdy express the following lengthy period — That in all experiments, 
and in all the investigated phenomena of nature, it has never been 
observed that the weight of the substances lonned was less or greater 
(as far as accuracy of weighing permits ") than the waght of the snb- 
stanees originaUy taken, and as weight is proportional to mass '* ^ or 
qnantity of matter, it*follows that no one has ever succeeded in obeerv* 
ing. a disappearance of matter or its appearance in fresh quantities. 
The law of the indestructibility of matter endows all chemical investi« 
Rations with exactitude, as, on its basis, an equation may be formed for 
every chemical reaction. If in any reaction the wei^ts of the sub- 
stanees taken be designated by the letters A» B, C, dec, and the 
wei|^ts of the substauces formed by the letters M, N, O, Ac, then 

A + B + C + = M + N + O + 

Therefore^ should the weight of one of the re-acting or resultant sub- 
stances be unknown, it may be determined by solving the equation. 

u TIm CKptDinaito condncted by 8tMt (deaeribed in d«tftfl in Cbap. JXTV. on 
BiItw) form some of the ftccorate researches, proring (hat the weight of matter it net 
wiknA in chemical leaetione, beoanie he aoooraiely weighed (tntrodnoing all the neoea- 
eoRMtions) the reacting and reeoltant mbetancea. Landolt (1S98) carried on 
^leaetions in inverted and eealed glaea U-tnbee, and on weighing the tubes befon 
(when the reacting solutions were separated in each of the branches of the 
t n b ee ) , and after (when the eolations had been well mixed together by shaking), foond 
tiial eitber the wei|^t remained perfecUy constant or that the Tariation was so small 
<fer inatance, 0*S milligram in a total weight of aboot a million milligrams) as to be 
aeo ribf d to the ineritable errors of weighing. 

u kb qsie idea of the mass of matter was first shaped into an exact form by Oalileo 
(died 1642), and mora especially by Newton (bom 1648, died 1797), in the gloriona epoch 
ii the derelopment of the principles of inductive roasoning ennnoiated by Bacon and 
Daacartee in their philosophical treatises. Shortly after the death of Newton, LaToieier, 
whoee fame in natnral philoeophyshoold rank with that of Oalileo and Newton, waebon 
€n AugQBt 26, 1748. The death of LaToisier oocnrred during the Beign of Ttocror ol tfas 

♦2 
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Tho chemist, in applying the law ci the indestrnctibilitj of matter, 
and in making use of the chemical balance, must never loie sight of 
any one of the re-acting or resultant sabstances. Should sach an over- 
tight be made, it will at once be remarked that the sum of the weights 
of the substances taken is unequal to the sam of the weights of tha 
substances formed. All the progress made by chemistry during the 
end of the last, and in the present, century is entirely and immovably 
founded on the law of the indestmctibility of matter. It is absolutely 
necessary in beginning the study of chemistry to become familiar with 
the simple truth which is expressed by this law, and for this purpose 
several examples elucidating its application will now be cited. 

1. It is well known that iron rusts in damp air,*' and that when 
heated to redness in air it becomes coated with scoria (oxideX having, 
like rust, the appearance of an earthy substance resembling some of the 
iron ores from which metallic iron is extracted. If the iron is weighed 
before and after the formation of the scoria or rust, it will be found 
that the metal has increased in weight during the operation.*' It 
can easily bo proved that this increase in weight is accomplished at 
the expense of the atmosphere, and mainly, as Lavoisier proved, at the 
expense of that portion which is called oxygen. In fact, in a vacuum, 
or in gases which do not contain oxygen, for instance, in hydrogen or 
nitrogen, the iron neither rusts nor becomes coated with scoria. Had 
the iron not been weighed, the participation of the oxygen of the atmo- 
sphere in its transformation into an earthy substance might have easily 
passed unnoticed, as was formerly the case, when phenomena like the 
above were, for this, reason^ misunderstood. It is evident from the 

French Rovolution, whon ho, together with twenty-six other chief farmers of the revenue, 
WM ifuilloiinod on May 8, 1704, at Paris: but his works and ideas have made him 
Immortal. 

*' By covorinj; iron with on enamel, or vamitth, or with unmstable metals (such aa 
nickel), or a coating of porafAn, or other similar substancvit, it is protected from the air 
tad moisture, and so kept from rusting 

I* Buch an oxiierimftut may easily bo made by taking the finest (unrustcd) iron filings 
(ordinary fllliigs muHt l>e flrst washed in other, dried, and passed through a very fine 
■lafe) Thi> filings tlius obtained are capable of burning directly in air (by oxidising or 
forming runt), iiMpftcially when thoy hang (are attracted) on a magnet, A compact piece 
of Inm il(i<!S not bum in air, but spongy irrm glows and smoulders like tinder. In making 
thfi iiiiMTUiKtrit, a liorso'slujo magnet is fixed, with tho poles downwards, on one arm of a 
rath»r ^nnuitiyn balanco, and tho iron filings are applied to tho magnet (on a sheet of 
pafMir) so as t«i fi>nn a l>oanl alnnit tho poles. Tho balance pan should be exactly under 
UiA filings nil thii magnet, in order that any which might fall from it should not alter the 
Woiglii. l'h<< fl lings, having been woighod, aro set light to by applying tho flame of a 
eaiidlii ; thny niHily Uiko firo, and go on burning by themselves, forming rust. When the 
•omlmNtion n nidwl, it will bo clear that the iron has increased in weight; from 6^ ports 
Vy weight of in)n lUings token. Uieru aro obtained, by complete combustion, 7i parte by 
«rai|hlofniet 
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Uw of the [ndeatraoUbilitj o( mfttter that u the iron inoreue* In 
waigbt in ita eoavenion into rast, the lalt«r muat be a more oonplex 
sobttanoe iban the iron it«elf, and its formation ia due to a reaction of 

combination' We might form an entirely wrong opinion about it, and 
night, for iustance, oooaider nut to be a simpler substance than iron, 
aad explain the formation of rust as the removal of Bomething from 
the iron. Such, indeed, was the general opinion prior to lAvoisier, 
when it waa held that iron contained a certain unknown aubstanco 
called ' pblogieton,' and that rust was iron deprivod of this snppoied 
Bubitaiice 

2. Copper carbonate (in the form of a povder, or aa the well-known 
green mineral called 'malachite,' which ia used for making omamcnta, 
or as an ore for the extraction of copper) ohangea into a block sub- 
glance called 'copper oxide' when heated to redness.'* Tliis block 
enbatance ie also obtained hy heating copper to redness in air — that is, 
it ia the ecoria or oxidation product of copper. The weight of the 
Uaok oxide of copper left is tecs than that of the copper carbonate 
oiiginall; taken, and therefore we oonaider the reaction which occurred 
to have been one of deoompoution, and that bf it aomethiog waa sepa- 
rated from the green copper carbonate, and, in fact, bj closing the orifice 
of the vessel in which the copper carbonate ia heated with a well- 
fitting cork, through which a gsa delivery tube " paBses whose end is 
imneraed under water, it will be observed that on heating, a gaa ia 
formed which bubbles through the water. This gas can be eaaily 
collected, as will presently be described, and it will be found to euen- 

14 For the porpDso oF eipeiunfisi, it ii most cobTetuont Lo Uke ooppv eftzbonBl«, 
vticb mtj be pnpuvd b; ths npoiimeiilci hinuoU, by ftdding a lolDtiOD o! lodium ai- 
bozula b> > KilutJOD of coppu tolptiAta. The precjpilAtd {iJ«poiit) to formpd ia collecUd 
on ■ Slteti bhIumI, uid diied. Tbe deooiapoulioo of coppci cubnnkta ioto ooppH oiide 
i* afl«ct«d b; to modenta t, beU thai it majr be pedDnaed in * glui teuol hut«d b; 4 
lunp. For t^a pnrpoke a thin gIabb tube, doied At one end, uid called a ' Lfiit iDbe,' 
IW7 bs emplojsd, or el*e ■ vsuol called ■ ' niort.' Tho upeiinianl ia cuiisd on, w 
dM(!rib«d in eiuople thrM on p-Il, b; ■M'"-^i"B ths earinnio anhf dtids OTU watwc, 
•a will be af Carwards oplaiDsd. 

>* OaadabTBCytDbtsareoniall]' ta»d« of gUaa tubing of Tarion diainatera and Uiidi- 
nsiinn Jf of unall diametar and ■■^■■*'T*'^f , a gl^ tube ta eaaily bent bj beating in a gae 
jM or the flame of a ipinl tamp, and it ma; alao be eaail; divided at a ^tan point by makiog 
a deep acratch dilfa a filo ud tboa bra^dng tho tnbe al thia pomt with a ahaip jerk. 
ThaK propeitiei, (egcthei with Ibeir impennoabilitj, tnnsparaiieT, haidDsai, and ngn- 
larity ol bore, tvodu glaai lub« moit hkIdI in ciperimonU with gaaaa. Natunllj (bagp 
might be replaced by ■tiavii, india-rubber, melaJlin, or oihet tabet, bnt Ihiie are Bxm 
ditBealt lo fix on to a vnael, and aro Dot entirely iaiparTiaiu to gaaea. A gla« gai 
datiioj taba may be boimetically &icd into a vnael by fitting it into a partonMd anrk. 
Which ahoDld be Htl and tree trom Hawa, and Eiing ths eoA into tbe odllee of the' 
veiaaL To protect the raik [rum the aokioB of gaae* it ii wimatlmfi prenonilj loaiied 
In panJBn, or it may be loplaoed bj m iodia-nibbai botIl 




CDloorks aai tra3i^»,TVA lik> air, and it Umduic crolred viAoHt 
aoTT cr -ir-irip {«■£{!;«. 7^ caTtKmit inliTdride Ff olred nuj be weighwl.'* 
Kit n B-iL W MKTii LO&t tiie csiD of die vfo^trts of ilw Um± «ffv 

c»--niDM^'-t " unpiikX'T -lAktu. aad tlnw t^ earefoDj tdSknriag est dw 
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VArioas atogea of all tdiemical reoctians we arrive at a eonSrmation of 
Uie taw of the indestructibility ot Euntter. 

3. Red nieroarj oude (vhicb is formed aa mercury riui b; heating 
mercury in mi) U deoouposed tike copper carbonate (only by beating 
icore slowly and at a »omewliab biglier temperature), witb tht* formation 
of the peculiar gas, oxygeii. For thia purpose the mercury oxide ia 
placed ia a glass tube or retort,'^ to which a gas delivery tube i^ 
attached by means oE a cork. This tube ia bent downwards, as shown 
in tlio drawing (Fig. 1). The open end of the gas delivery inbe is im- 
nersed in a vessel BUed with water, called a pneumatic trough.'* When 

dry a a&]t il mmt be heat«d at abont 100^ antil its w^bt remoliiB conaUnbt ar bo placed 
nodsr on ^ pomp oror laJphnnc udd, u viU iJao be prancjitlf dewirlbed. Aa wntfft lis 
■Ui with ■ImiHl evecjvluES, uid a* ft la ibtaibwl by mmaj lubttanMt, the gotmbOitJ 
tt iU preHoee ihould ubtci be lout ai^l ot, 

" Am th« dMompotitioD cf red oxida of toomtrr rgt^utroa lo high a lemporalnre, neai 
ndasHi ai to colteii oriisAtj glut. il$i neoemif for tlui atpenmsiit lA taliG a retort 
Ifit lett tube) mado of bard glaiSi which ia ahlB to atiuui bigb lompcratoiH witJiont 
Aoflemng. For tbo some raavoD, tha Ujnp aaad maet gm a Htroug heal and a langp 
BUDO. oapabls of f mbracing tbe whole holtom of the lotort. uhich ahould be ai imill *■ 
PDUlblo for thfl eoDTaiilaiioa of tb* nparunent. 

■° Tha puBnmatio tioogh amf naturally be tatde ot any material (ohlna, eaithaniiu^ 
01 nuital, tie.), but Dioally a glui one, ai ehoTC In thu dnvilig, ia aieii, u it allowe tha 
progtex of tho erporiniBnl lo be better obwrved. For this reaun, u well as the ettt 
•fOi which Uuy an kepi claaD.aad'nm tbe Ca«t alio Chat glau it Dot action by nun; 




•■ which aSlKt other material! (for uutartco, inMata), gUu TeoHla of all Ui 
nuh as ntorta, (Ml (sb«(, oyUaden, beaken, Baiks, gbbaa. Ac— aie pr«ferred lo tnj 
dlliai tor ebsmioal eapsrlmsDla. Olau Teiaela may bo heated without any daogoi it iha 
fcOowiae ptM40tiana ba obwmd : lit, Ihey ihoold ba made ot thin glau, ai otherwia* 
re liable to otact [roifl Ibo bad heatHiocduclma pover of glau^ Isd. they should ba 
~ " a liquid or vith aand (Fig. it), or aand bath ae It ia coDod ; or elie aboold 
■ " Jt gaaoe "rithotil looohing the fuel from whloh they proeeod, ot in 
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the gas begina to be evolved in the retort it ib obliged, having no Other 
outlet, to escBpo through the gaa deliveiy tube into the water in tb« 
pneumatic trough, and therefore its evolatioo will bo rendered visible 
by the bubbles coiniug from this tube. In heating the retort containing 
the mercury oxide, the air contained in the itpparatus is first partly 
expelled, owing to its expanaion by heat, and then the peculiar gas 
called ' oxygen ' is evolved, and may be easily collected bs it comes off. 
For this purpose a vessel (on ordinary cylinder, us in the drawing) ii 
filled quite full with water and its month closed ; it is then inverted 
and placed in this position under the water in the trough ; the mouth 
ii then opened. The cylinder will remain full of water— that ia, the 
water will reraain at a higher level in it than in the surrounding veseel, 
owing to the atmospheric pressure. Tlie atmosphere presses on the 
surface of the water in the trough, and prevents the water from flow- 
ing out of the cylinder. The mouth of the cylinder is placed over the 
end of the gas delivery tube,'" and the bubbles issuing from it will rise 
into the cylinder and displace the water contained in it. Gases are 
generally collected in this manner When a sufficient quantity of gaa 
has accumulated in the cylinder it can be clearly shown that it is not 
ftir, but another gas which is distinguished by its capacity for vigorously 
supporting combustion Id order to show this, the cylinder is closed, 
under water, and removed from the bath , its mouth is then turned up- 
wards, and a smouldering taper plunged into it. As is well known, a 
smouldering taper will be extinguistied in air, but in the gas which 
is given off from red mercury oxide it bums clearly and vigorously, 
showing the property possessed by this gaa for supporting combustion 
more energetically than air, and thus enabling it tc be distinguished 
from the latter. It may bo observed in this experiment that, besides 
the formation of oxygen, metallic mercury is formed, which, volatilising 
ftt the high temperature required for the reaction, condeoses on the 
cooler parts of the retort as a mirror or in globules. Thus two sub- 

oold objKt plucJ JO (Jieii fluaeg. Tha MWt ialerfam with the li&namiasion ol hwt, tnd 
•D a gtui isswl Hben cDv«nd vilh loot ofUti oruki. And lor this reawii apmt luap*. 

In th> BirnaeD burner tbe gu la miied vith 4ir. ud bomi with ft noB-lnminotu ud 
^nokalm* Sudd, On the oihar tuod, it ui ordinuy Uoip (petToIeum or bgniioe) doci 
M)i uDok* it su; be nted for hMltng ■ glut vs>hI vithont danger, piovidKl Lbs gU« i> 
pbcad mil kbov« tbe flama in the current of bat guea. In til cimb, tbs hnting alioati) 
bsbagon TBT suafoUy by niiinglhe tempertturo b; degreaa. 

* la order toaroid the nocaaiitf oI holding tbe c^Undsr, iW opon and la widened (ajid 
■Ian gnaod so that it maf be doielj co>ered aith a gieucd-jIaBa plal? when neneaaair), 
Wdplaoedoaaitudbelow the level ol Ibe water in the balh. Thia aUind i» caUed ' Ul* 
Wdga.' II baa aevcral cimolar optninga cut through it. ud the gas delivsrj tubs it 
■Iwad ante ona ol tbaaa, aad Um enlindac loa eoUaottnc tb* gaa orer it. 
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stances, mercnr^ and oxygeD, are obtained b; heating red meronrj 
oxide. la this reaction, from one substanoe, two new substances ore 
prodQoed— that is, a decomposition has taken place. Tlie means of 
collecting and investigating gases were known before Lavoisier's time, 
but he first showed the real part they played in the procesaee of many 
oliemical chaogoa which before his em were either wrongly uoderstood 
(u will be afterwards explained) or were not explained at all, but ontj 
observed in their superficial aspects. This experiment on red mercury 
oxide has a special significance in the history of chemistry contempo- 
rary with.Lavoisier, because the oxygen gas which is here evolved is 
contained in the atmoaphere, and plays a most important part in 
nature, especially in the respiration of animals, in combustion in air, 
and to the formation of rosts or seoriie (earths, as they were then 
called) from metals — that is, of earthy substances, like the ores from 
which mctala are extraeted. 

4. In order to illustrate by experiment one more example of 
chemical change and the application of the law of the indestmotibility 
of matter, we will consider the reaction between common table salt 
and lunar caustic, which i> well known from its use in caatorising 
wounds By taking a dear solution of each and mixing them together, 
It will at once be observed that a solid white substance is formed, 
which settles to the bottom of the vessel, and is insoluble in water. 
"Hiis substance may be separated from the solution by filtering , it ia 
then found to be an entirety different substance from either of those 
taken originally in the solutions. Thia is at once evident from the 
bot that it does not dissolve in water On evaporating the liquid 
which passed through the filter, it will be found to contain a new sub- 
(tance unlike either table salt or lunar caustic, but, like them, soluble 
in water Thus table salt and lunar caustic, two aubstancec soluble in 
water, produced, by their mutual chemical action, two new substances, 
one insoluble in water, and the other remaining in solution. Here, 
from two anbstanceB, two others are obtained, consequently there 
oeonrred a reaction of substdtution. The water served only to convert 
like re-acting eubstaccea into a liquid and mobile state. If the lunar 
eftnstic and salt be <&isd " and weighed,' and if about 06^ grams " ot 
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n DrfiDg u D*«imT m order lo naota u 
(w Note 17, uid Claptei 1, NotM IS ud 1«). 

" The sutct valghtg ol the re-Mluig uid mailing intiiuiiaei ue doicnnu 
(TMtMt difflonlty, nak on])> trom the poulbia ineiutitude ot the bkUsoe {tmy weigning 
(■ onlf cone«t vithin Ibe Umite ot tba •aaaitiFeaeu of Iba bdxiM) and wdghM ohS 
Id weighing. Dol on); bom tho dilBcDltT la miikiiig oairMliau btUia mJshtof ali dl» 
^ae*d b; the veuela holding Uie gnbeUnoei ■elghed sad br th« vtf|ht« Ihemsdvi^ 
bat slu bom the bjgnwwpia nature ol nuu) labtlMOH (ud vMMb) eMulng slMapUaa 
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«alt and 170 grains of lanar caustic be taken, then 14S( grams of inp 
•olnble silver chloridn and 85 grains of sodium nitrate will be obtained. 
The sum of the weights of the re-octing and resultant tubstancea are 
seen to be similar and equal to 228^ grams, which neoessarilj foHows 
from the law of the indestructibility of matter 

Accepting the truth of the above law, the question natural!/ arisee 
as to whether there is any limit to the various chemical transfonna 
tions, or are they unrestricted in number — that is to say, is it poesible 
from a given substance to obtain an equivalent quantity of any other 
substance ? In other words, does there exist a perpetual and infinite 
change of one kind of material into every other kind, or u the cycle 
of these transformations limited f This is the second essential problem 
of Chemistry, a question of quality of matter, and one, it is evident^ 
which is more complicated than the question of quantity It cannot 
be solved by a mere supcrticial glance at the subject Indeed, on 
seeing how all the varied forms and colours of plants are buijt up from 
air and the elements of the soil, and how metallic iron can be trans- 
formed into colours such as inlLS and Prussian blue, we might be led 
to think that there is no end to the qualitative changes to which 
matter is susceptible But, on the other hand, the experiences of 
everyday life compel us to acknowledge that food cannot be made out 
of a stone, or gold out of copper Thus a de6nite answer can only be 
looked for in a close and diligent study of the subject, and the problem 
has Jbeen resolved in different way at different times In ancient times 
the opinion most generally held was that everything visible was com- 
posed of four elements — Air, Water, Earth, and Fire The origin of 
this doctrine can be traced far back into the confines of Asia, whence 
it was handed down to the Greeks, and most fully expounded by 
Empedocles, who lived before 460 b.g This doctrine was not the 
result of exact research, but apparently owes its origin to the clear 
division of bodies into gases (like air), liquids (like water), and solids 
(like the earth). The Arabs appear to have been the first who 
attempted to solve the question by experimental methods, and they 
introduced, through Spain, the taste for the study of similar problems 
into Europe, where from that time there appear many adepts in 
chemistry, which was considered as an unholy art, and called *al 
chemy.' As the alchemists were ignorant of any exact law which 

of moisture from Um atmotphere, «nd from the diffioaliy in not loeing any of the tulMtftDoo 
to be weiglied in the eereral operations (filtering, evsporsting, and drying, &c.) which 
have to be performed before arriving at a final result. All these drcomttances have to 
be taken into consideration in exact researches, and their elimination reqoirse very many 
special precaotioos which an inpneiicable in preliminary ezperiaents 
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«oaId guide tiiein in their reeearchra, they cbuined mott aaoimUoafl 
roBulta. Their chief service to cbemiatry was that they made ft 
numbar of experiments, And dituovered many new chemical trona- 
tormatioQB > but it is well koonn how they solved the fuudaolentat 
problem of chBmi»lry. Their view may be taken a« a positive acknov- 
ledgmenl of the ioSnite traoamutability of matter, for they aimed at 
diKovering the Philoaopher's Stooe, capable of converting everything 
into gold and diamondo, and of making the old young again. Thia 
■elation of the question was afterwards completely overthrown, but it 
■nu«t not, for thia reason, be thought that the hopes held by the 
atchcmists were only the fruit of their imaginations. The first 
chemical erperiments might well lead them to their (wnclurions. They 
took, for instance, the bright metallic mineral galena, and extracted 
metallic lead from it. Thus they saw that from a metallic BUbetanca 
which is unfitted for uea they could obUun another metallic Babstancfl 
which is ductile and valuable for many tpchnical purpoees. Further- 
more, they took this lead and obtained ailver, a still more valuable 
metal, from it Thus they might easily conclude that it was pomibI» 
to ennoble metals by means of a whole eeriee of transmutations — that 
is to say, to obtain from them those which are more and more precious. 
Having got silver from lead, they sssunied that it would be possibla to 
(ibtaia gold from silver The mistake they made was that they never 
weighed or measured the substances used or produced in their experi- 
ments. Had they done so, they would have learnt that the weight of 
the lead was much less th&a that- of the galena from which it was 
obtAined, and the weight of the silver in6nitostmal compared with that 
of the lend. Hod they looked more closely into the process of the ex- 
traction of the silver from lead (and eilver at the present time is chieSy 
obtained from the lead ores) they would have seen that the lead doea 
not change into silver, but that it only contains a certain small qnao- 
tity of it, and this amount having once been separated from the lead 
it cannot by any further operation give more. The silver which the 
alchemists extracted from the lead was in the lead, and was not ob- 
tained by a chemical change of the lead itself. This is now well known 
from experiment, but the first view of the nature of the process waa 
very likely to be an erroneous one.'' The methods of research adopted 

'^ Besidofl wl^ch, ID th« nujoriljof cue«,Ui«firvl elpJanalioD at mOHt ■nbjeeU wbiol^ 
9d not rep«l UumtdTHin arsrf^y eTperimw imder vuiaBiaipecti.but Hlwajiiaoiw 
torm, VT onlj aX jfit«TTH3i ud infroquentJj, ii VBn&llj wrongr Thu* tlifl duly «v!dfli]o* 

tha MU-tli lUoda itill. Thit ippueat truth li tai Irom beiug the nuil trnUi. ind, as ■ 
dry Id it. SitniUrly. kn ardinuji niind and STerfdrnj cxpul- 
11 lacom b mti b la^ irlmkt it banu sot oalj t* filiofs, bat ar^ 
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hjibe alohamklt oould give bat littUtaeoeit, lor they did not 
•elvM clear and siniple qvestioni whose anawen would aid them to inaka 
further progrets. Thus though they did not arrive at any exact law, 
they left nevertheless numeroas and veeful experimental data aa aa 
inheritanoe to chemistry ; they investigated, in particular, the tmna* 
formations proper to metals, and for this re aao n chemistry was lor 
long afterwards entirely confined to the study of metallic substaacaa. 

In their researches, the alchemists frequently made use of tffo 
chemical processes which are now termed ' reduction ' and < oxidation.' 
The rusting of metals, and in general their conversion from a metallie 
into an earthy form, is called ' oxidation,' whilst the extraction of a 
metal from an earthy substance is called ' reduction.' Many metala^ 
lor instance, iron, lead, and tin — are oxidised by heating in air alona^ 
and may be again reduced by heating with carbon. 'Such ftrw1«wii 
metals are found in the earth, and form the majority of metallic orea. 
The metals, such as tin, iron, and copper, may be extracted from theaa 
ores by heating them together with carbon. All these processes wera 
well studied by the alchemists. It was afterwards shown that all 
earths and minerals are formed of similar metallic rusts or oxides, or 
of their combinations. Thus the alchemists knew of two forms <^ 
ohemical changes : the oxidation of metals and the reduction of thd 
oxides so formed into metals. The explanation of the nature of theta 
two classes of chemical phenomena was the means for the discovery 
of the most important chemical laws. The first hypothesis on their 
nature is due to Becker, and more particularly to Stahl, a surgeon 
to the King of Prussia. Stahl writes in his ' Fundamenta Chymin^' 
1729, that all substances consist of an imponderable fiery substanoa 
oalled ' phlogiston ' (materia aut principium ignis non ipse ignis), and of 
another element having particular properties for each substance. Tha 
greater the capacity of a body lor oxidation, or the more combustibla 
it is, the richer it is in phlogiston* Carbon contains it in greal 
abundance. In oxidation or combustion phlogiston is emitted, and io 
reduction it is consumed or enters into combination. Oarbon reducea 
aartby substances because it is rich in phlogiston, and gives up a 

es«ixtt,MveihAUtfl«waidiMe. Witti the prcgiMtof knowledge Teiymftnyprimithpe 
l^ndioee hare been obliged io gire way to Iroe ideas which hare been Terifled bj 
^I^UttmmA. In ofdmeiy liie we often leaaon al flrsl eight with petfeot troth, only 
beeaoee we aie tanghl ^ right JodgmeBt by ow dafly esperienoe. It it a n ece eea iy 
Manqoenoe d the nalore ot oar miada to leabh the attainment ci troth throogh e]» 
BMolavy and often erroneooi r e a s oning and throogh experiment, and it would be rmj 
moQg to ezpeet a knowledge ot troth from a rimple mental effort NalonJly.ezperisMal 
Itoatt eauiol give troth, bol it givee the meant ot deeferoying enoneoot mpretentttions 
aUM oooftEnfeg those wUoh are ti«e in sD their ( 
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rporUon ef its phtogiaton to the sabataDce reduced. TLdb 8t&hl gappG««d 
uetalB to be compoucS gubstonces ccusiating of phiogiston and an 
CEtrthy subsunce or oxide. This hypotbeau is diEtiiiguiahecl for its 
eery great Bimplieity, and for this and other reasons it acquired many 
MpporterB." 
Lavoisier proved by means ot the balance that every case of rusting 
of metals or oxidation, or of combustion, is accompanied by aa increase 
in weight at the eipense of the atmosphere. He formed, therefore, 
the natural opinion that the heavier substance is more complex than 
the lighter one."* I^ivoisier'a celebrated evperimeat, made in 177*, 

'* It lA cnio Chbt Stall] vftH iLcqiivqtcd-wilb h (act whieta diFectly diBproTcd hia 
bypotbcaia^ U wkb alr&td; hnowu (from tbe fl]rpenmeDtH oF Oetwr, vii mora e6i>ecihlLT 
ot Riy, in 1630) Ihat Ri«U1a ioereua ia •eight by oiidttion, wMil, Hcofdlng to Stihl'i 
hnK^theajfl. thay flhonld decrooie m weight, becAate phJogutoa ia uporated byoEid^tiolL 
Btsbl ipeikki on Uiii poiDt u [oILon :— ■ I un mil owus that meUli. ia Ibair Innsfumift- 
liou into eutha, incissw in might. Bat not imlydoei thi* fulnot diiprora mytliaiUT, 
but, oD the oontrHiy. conSnni it, for pUogiiton is lighter than air, uid, In oeabiaiog 
with aubitumea, itcivea lo litt them. Kid » dceiwiMi thair wsi^; oonHqneatlj, a 
■ubiLujce which haa loet phlo^iitoa mut be haaTibr.' Tbia ajgoDunt, it will b« MM), l> 
iDDodHlan u miiconception of UHi,prop«itiMotg«Ha,ngwdiRgthBmMluTinenow«I^il- 
vid u tiol being attraoted by Uu earth, or alia on a ooDfated idA of phlogiatoD itMtt, 
Hact it oaa firs', dafincd as impoiuUrahtiy Tha coocwptioD et impoDdenbls phlogiitoD 
Ulliea waU «itb the habit aod niethodi ol the laat eeDturr, when tecouna «a> often had 
tc> Emponderubla doidA lot explaining a large Dqmber of pheoomanik Heat, light, mag. 
MtiuB, and electricity vere erpluined u being pecnliw imponderable QQidi, In tlii* 
•ente (be doctrine of 8taU comeponda eniifely with tha epihl ol h-» age. If heat ba 
001V regordtd aa motion or energy, then phlogiaton alao should be conaidercd in thia 
light. In foot, in comboition, of cools for inBt&nca, heat and energy aro cvoNed, and 
oot combined in tlie coal, althoogh the oiygin and coal do combine. Conaeqneotly, the 

but oatnrally thi! aToluiion ii ODly a coDBeqaence ol the combination oocmring between 
(ha coal and oxygen. Ai regudi tha hiitory nt chamiBlrT prior to Lavaitier. bealdea 
eiahl'a work (to which reference luu been m>de abore), PrieiUey'a Ezperimenli and 
Ottrvatioio on Diffrrcat Kindt of Air. London, 1700, and alao Scheele'a Opvicala 
C\imica tt Fhynca, Lips., 17BB-89, a voln.. mast be nicommendi^ aa the two leading 
■orks of the Engllth ud Bcondinsvisn chemiata ibowing the condition ot chemical 
taaming betoiB lie propagation of Lavoisier's vio"^ and containing al« many important 

nemoit on the history of phloglitoD is that ol Bodwall, in tha PhiUjtophicaX Magerint, 
leSB, in which it is nhown that the idea ot phtogiaton date* nrj far back, that Basil 
Valentine '(isa4-llis), in the Ovrpu Trinrnphalii Anliritmii, Pamceliije |Ui>B-lSll), 
Is hit work. Di Rfrum NMura, OUnber (ICOI-iewi], and eapccially John Joachim Bccher 
(leU-ISSa), in fail Pliyiita SubtarraTita, all rateired to phlogiston, but nnder diSenint 



"* An Engliflhnmn. n 



whole century bi 



Id develop liia view* with olaameu, or rapport them by « 
•annot therefore b* MBsid«rad, like Lavoiaiei, a* the tourider 



iMming. Seieneo is a onlTei 



onviuoe others ol it 
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gun inflnbitebto support to bU <q>iman, whioh i& maay mptoti wai 
flODtradietory to StftU'i dootrine. lAvoiuer poured tmu ovnoM ol p«W 
Bwenry into ft gUn retort (fig. i), whoM MdE ww bent h dunra te 
tke in.-miDg and dipped into the venel b i, tiao full of mtrcmf. n» 
|)roj«otiiig end of the neck «u covered with k gliM bell-ju P. "Om 
weight of ftll the mweary taken, and the volnme ol tir rmeining io 
(he appantoi, namelj, thkt in tiw upper portion of the retcct, and 
ander the bell-jftr, were det«nniiied before beginning the e^ig in mrt. 
It wu most important in this experiment to know the Tohime ol air 
in order to learn what part it pUyed in the oxidation of the aHKearft 
iMcause, according to Stahl, phlogiston is emitted into the air, whik^ 
according to I^voisier, the mercaiy in oxidising abaorbi a portion ol 
the sir ; and oonsequentlj it wm abeolately neoensry to determia* 
whether the amount of air increased or decreased in the oxidation of 
the metal. It was, therefore, most important to measuie the toIdbw 




of the air in the apparatus both before and after the experiment For 
this purpose it was necessary to know the total capacity of the retort, 
the volume of the mercniy poured into it, the volome of the bell-ju 
above the level of the mercury, and also the temperature and pressui* 
of the air at the time of its measurement. Tlie volume of air con- 
tained in the apparatus and isolated from the sarrounding atmosphan 
oould be determined from these data. Having arranged his apparatus 
in this m a nn er, I^roisier heat«d the retort holding the mercury for a 
period of twelve days at a temperature near the boiling point of 
meronry. The mercury became covered with a quantity of small red 

SS m tii ia oDnnDOuig oUun ol llw treth Vmy turn di*oo*e>*d ; iriUi lima, howara, • 
toM hanld oomH lomzi, poMeaisg nw; mauu lor nuking tlia tnilli aiipHait to all 
bat it mtwl out be foigotUn that raeh tn mitinlj ■~<«>*iH| (a tb* Uboon and mus 
ol dM» »oeBBiiil»t»l by msor oUian. Bach wu L»>iMut, ^id nah an all tb* pMl 
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•eales , that is, it vas oxidited or converted itito ui earth. Thlt 
substMioe IB the same mercary oxide vhich has already been mentioned 
(example 3). After the Upae of twelve days the appamtas was oooled, 
and it was then teen that the volume of the air in the spparatns had 
diminished doriag the time of the experiment. ThiE mult wai Ui 
exact contradiction to Stebra hypolhesis. Oat of GO cabic incbea at 
air originally taken, there only remained 43. lAVoJaier'B experiment led 
to other equally important results. The weight of the air taken decreased 
tiy as mneb as the w^ht of the mercury increased inoxidi^ng ; that it, 
the portion of the air was not destroyed, but only combined with mercury. 
Kis portion of the air may be again separBted from the mercury oside 
and haa, as we saw (example 3), properties different from those of air. 
It is called ' oxygen.' That portion of the air which remained in the 
appBTBtua and did not combine with the mercury does not osidiM 
metaia, and cannot support either combustion or respiration, so that 
a lighted taper is immediately extinguished if it be dipped into the 
gas which remains in the bell-jar. ' It is extioguished in the reaidoal 
gM ae if it had been plunged into water,' writes I^voisier in his 
memoire. This gas is called ' nitrogen.' Thna air is not a drnplo 
eubstanee, but consists of two gases, oxygen and oitrogen, and therefore 
the opinion that air is an elementtiry substance is erroneous. The 
cxygen of the air is absorbed in oombuelion and the oxidation of 
inetaU, and the earths produced by the oxidation of metals are 
substances composed of oxygen ond a metal. By mixing the oxygen 
vith the nitrqgen the same air as was origioaUy t&ken is rc-fornied. 
It has aleo been shown by direct experiment that on rodnoing an 
oxide with carbon, the oxygen contained in the oxide is tmnsferred to 
the carbon, and gives tbo same gas tliat is obtained by tJio combus- 
tion of carbon in air. Therefore this gaa is a oompound of carbon 
and oxygen, jnst as the earthy oxidea are composed of metals and 
oxygen. 

The many examples of the formation and decompotitioa of sub- 
stances which are mot with convince tm that the m^ority of substance! 
sritfa which we have to deal are compoouds made up of several other 
■nbetanoes. By beating chalk (or else copper oarbonalo, as in th* 
second example) we obtain lime and the same carbonic acid gas which 
is produced by tbo combostion of carbon. On bringing lime into 
oontnot with this gas and wat^r, at tbo ordinary temperature, we again 
obtain tbo coniiiound, carbonate of lime, or chalk. Therefore chalk is 
t, compound. So also are those Eubfitanccs from which it may be built 
Qp. dirboaic anhydride is formed by the oombinatioD of carbon aad 
•xygen ; and lime is produced by the oxidation of a certain metal 
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The quantity, therefore, of each element rero&iiu eoBBt&nt in aJ) 
ohemioal ebiuigei ; a fact which ma; be deduced aa b, ooneequenoe of 
the law of the indeatructibilitj of matter, and of the conception of 
demeats themselves. Thus the equation expressing the law of thA 
indeatrnotibilitj of mailer acquires a new and sliil more important 
signification. If we know the quantitiea of the eleroenU which occur 
in the re-acting nubBtsnces, and if from these subBtances there proceed, 
by means of chemical changes, a seriea of new compound subatancea, 
then the latter will togetlier contain the same quantity ol each of 
the elements as there originally existed in the re-acting substances. 
The essence of chemica] change is embraced in the study of bow, 
twd with what substances, each element is combined before and niter 

In order Co bo able to eiprcas various chemical changes by equations, 
it has been agreed to represent each element by the Erst or tome two 
letters of its (I^tin) name. Thus, for example, oxygen is represented by 
the lettor ; nitrogen by N ; mercury (hydrargyrum) by Hg ; iron 
(fermm) by Fe , and so on for sJl the elements, as is seen in the tables 
on page 24. A compound sobstance is represented by placing tlte 
symbols representing; the elements of which it is made up side by side. 
For example, red mvcury oxide is represented by HgO, which showa 
that it is compooed of oxygen and mercury- Besides this, tbo symbol 
of every element oorreeponds with a certain relative quantity of it b; 
weighty called its 'combining' weight.or the wei^tof an atom ; so that 
Ibe chemical formula of a compound aubetance not only designates t^ 
■Mtnre of the elements of which it is composed, but also their qaantita- 
tive proportion. Every chemical process may be expressed by an 
equataon composed of the fonnalK corresponding with those substonoes 
which take port in it and are produced by it. The amount by weight 
of the elements in every chemical equation mast be equsJ on both sidea 
of the equation, since no element is either formed or destroyed in » 
^mical changd. 

On page* 21, 35, and 26 a Ust of the element*, with tbetr symbda 
•tid combining or atomic weights, is given, and we sball see afterwards 
on what basis the atomic weights of elements are determined. At 
present we will only point out that a compound containing the cletnenti 
A and B is designated by the formula An Bm, where m and n arc <he 
coefficients or multiples in which the combining weights of the 
elementa enter into the composition of the substance. If we represent 
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the oombioing weight of the subftanoe A by a and tfad of Ui« 
eabetanoe B by 6, then the oomposition of the tabetanoe An Bm will 
be expressed thus : it contains na parts by weight of the aubitaiioe A 
and mb parts by weight of the substance B, and consequently 100 parts 

of our compound contain — ^ percentage parte by weight of the 

nth TOO 

•abstance A and . of the substance B. It is evident that at 

na+wi6 

a formula shows the relative amounts of all the element! contained 
in a compound, the actual weights of the elements contained in a given 
weight of a compound may be calculated from its formula. For example^ 
the formula NaCl of table salt shows (as Na3=23 and Cl8s35*5) 
that 58*5 lbs. of salt contain 23 lbs. of sodium and 35*5 lbs. of chlorine^ 
fuid that 100 parts of it contain 39*3 per cent, of sodium and 60*7 per 
cent, of chlorine. 

What has been said above clearly limits the province of chemical 
changes, because from substances of a given kind there can be obtained 
only such as contain the same elements. Even with this limitation, 
however, the number of possible combinations is infinitely great. Only 
a comparatively small number of compounds have yet been described 
or subjected to research, and any one working in this direction may 
easily discover new compounds which had not before been obtained. 
It often happens, however, that such newly* discovered compounds 
were foreseen by chemistry, whose object is the apprehension of that 
uniformity which rules over the multitude of compound substancea, 
and whose aim is the comprehension of those laws which govern their 
formation anj properties. The conception of elements having been 
established, the next objects of chemistry wei^e : the determination of 
the properties of compound substances on the basis of the determination 
of the quantity and kind of elements of which they are composed ; the 
investigation of the elements themselves ; the determination of what 
compound substances can be formed from each element and the 
properties which these compounds show ; and the apprehension of the 
nature of the connection between the elements in different compounds. 
An element thus serves as the starting point, and is taken as the 
primary conception on which all other substances are built up. 

When we state that a certain element enters into the composition 
of a given compound (when we say, for instance, that mercury oxide 
contains oxygen) we do not mean that it contains oxygen as a gaseous 
substance, but only desire to express those transformations which 
mercury oxide is capable of making ; that is, we wish to say that it is 
possible to obtain oxygen from mercury oxide, and that it can give 
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up oxygen to warifms other substajices ; in a word, we desire only to 
OXprwB those tiansfonoations of which nwrcury oxide is capable. Or, 
more oonoiielj, it may be said that the eompotiiion of a compound ta 
the expression of those traiuiforintitioaB of which it is capable. It is 
vaeEol in this Bense to make a clear distiiictioD between the conception 
of an element as a teparafe bcvnogeneoos (obttance, and as a, material 
but iaviaible part of a compouoA Mercury oiide does not contain 
two draple bodies, a gas and a metal, but two elements, mercury and 
oxygen, which, when free, are a gas and a uietaJ. Neither mercury m 
ft metal nor oxygen ai a gas is contained in mercury oxide ; it only 
eontfuns the substance of these elements, just as Bteam only contajnt 
tixe Bubstance of ico, bat not ice ittelf, or ab com contAins the substance 
of the seed, but not the seed itselt The existonoe of on element mny 
be recognised without knowing it in the uncombined state, but only 
from sD investigation of its combinations, and from tiie knowledge that 
it gives, under all possible conditions, substances which are unlike 
other known combinations of aubatanceB. Fluorine ia an example of 
thia kind. It wob for a long time unknown in s free state, and 
aeverthelesB was recognised as an element because its combinations 
with other elements were known, and their difference from all other 
•imilar compound substances was determined. In order to grasp the 
difference between the conception of the visible form of on element as 
we know it in the free state, and of the intrinsic element (or ' radicle,' 
OS lAvoisier called it) contained in the visible form, it should be 
remarked that compound aubctances also combine together fotmlng yet 
more complex compounds, and that tbey evolve heat in the process of 
combination. The original compound mny often be extracted from 
these new compounds by exactly the same methods as dements are 
extracted from their corresponding combinations. Besides, m&iiy 
elements exist under various visible forms whilst the intrinfiie element 
oontained in these various forms is something whioh is not subject to 
change. Thus carbon appears as charcoal, graphite, and diamond, but 
yet the element carbon alone, contained in each, is one and the soma 
Carbonic anhydride contains carbon, and not charcoal, or graphite, or 
tbe diamond, 

Elements alone, although not all of them, Dave the peculiar lustre, 
opacity, malleability, and the great heat and electrical conductivity 
irhieh ore proper to metola and their mutual combinations. But 
elemente are far from all being m§toli. Those which do not posseu 
the physical properties of metals are called iion-melaU (or tnttalloidt). 
It is, howeVer, impossible to draw a strict lino of demarcation between 



metals and i 



n-metals, there being many intermediary aubetoncei. 
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Thus graphite^ from which penoils are mannlaotared, ii aa eleoieQi 
with the loBtre and other properties of a metal ; but charcoal and the 
diamond, which are composed of the same tubstanoe as graphite^ do 
not show any metallic prc^rties. Both classes of elements are clearly 
distinguished in definite examples, but in particular cases the distinc- 
tion is not clear and cannot serve as a basis for the exact division of 
the elements into two groups. 

The conception of elements forms the basis of chemical knowledge^ 
and in giving a list of them at the very beginning of our work, we 
wish to tabulate our present knowledge on the subject. Altogether 
about seventy elements are now authentically known, but many of 
them are so rarely met with in nature, and have been obtained in such 
small quantities, that we possess but a very insufficient knowledge of 
them. The substances most widely distributed in nature contain a^ 
very small number of elements. These elements have been more 
completely studied than the others, because a greater number of 
invMigators have been able to carry on experiments and pbservationa 
on them. The elements most widely distributed in nature are : — 

Hydrogen, H si In water, and in animal and vegetable 

organisms. 

In organisms, coal, limestones. 

In air and in organisms. 

In air, water, earth. It forms the grealst 
part of the mass of the earth. 
Sodium, Naas23. In common salt and in many min^^y^in^ 
Magnesium, Mgss 24. In sea-water and in many mineral^ 
Alnminium, A1b:27 In minerals and clay. 
Silicon, Si =28. In sand, minerals, and clay. 

Phosphorus, P ts31. In bones, ashes of plants, and soil 
Sulphur, S re 32. In pyrites, gypsum, and in sea- water. 
Chlorine, 01 =35*5. In common salt, and in the salts of sea^ 

water. 
Potassium, R rs39. In minerals, ashes of plants, and in nitre. 
Calcium, Ca s=40. In limestones, gypsum, and in oiganisms. 
Iron, Fe s=56. In the earth, iron ores, and in organisms. 

Besides these, the following elements, although not very largely 
distributed in nature, are all more or less well known from their 
applications to the requirements of everyday life or the arts, either in 
a free state or in their compounds : — 

Lithium, lass 7. In medicine (Li^ COg), and in photography (LiBr), 
Boron, Bsll. As borax, B^NaaO;, and as boric anhydridci B|0^ 



Carbon, 


Ob12. 


Nitrogen, 


Nel4. 


Oxygen, 


arl6. 
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Vlaorine, F a 19. 
Chromium, Cr ^52. 
Manganese, MnsB55 



Ck)balt, 

Nickel, 

Copper, 

Zinc, 

Arsenic, 

Bromine, 



Zn s65. 
As =75. 
Br =80 



Strontium, Sr =87. 



Aa fluor spar, OaFfy and at hydrofluorio 

acid, HF 

As chromic anhydride, CrOj, and potat- 

sium dichromate, RiCriOf. 

As manganeso peroxide, MnO|, and po^^ 

tassium permanganate, MnR04 

Co =59*5 In smalt and blue glass. 

Ni =59*5 For electro-plating other metals. 

Cu =63. The well-known red metal. ' 

Used for the plates of batteries, roofing, Ad 

White arsenic (poison), Aafiy 

A brown volatile liquid, sodium bromide 

NaBr. 

In coloured fires {QrNfi^), 

Silver, Ag=109. The well-known white metal. 

Cadmium, Cd= 1 1 2. In alloys. Yellow paint (CdSy. 

Tin, Sn=119. The well-known metal. 

Antimony, Sbasl20. In alloys such as type metal. 

Iodine, I =127. In medicine and photography , free, and as 

KI. 

Ba=137. *' Permanent white," and as an adulterant 

in white lead, and in heavy spar, BaS04. 
Pt=196.> 

Au=197. 

Hg=200. 

Pb =207., 

Bi =209. In medicine and fusible alloys. 

U =239. In green fluorescent glass 

The compounds of the following metals and semi-metals have fewer 
applications, but are well known, and are somewhat frequently mel 
vith in nature, although in small quantities : — 

Paliadium,Pd«107. 
Cerium, Ce=140. 
Tungsten, WaBl84. 
Osmium, Osal92. 
Iridium, Ir =193. 
Molybdenum, Mo =96. Thallium. Tla204. 

The following rare metals are still more seldom met with in natursb 
Imt have been studied somewhat folly :— 

Scandium, Sc =44. Germanium, Cess 72. 

Gallium, Gaas70. Rubidium, RbsSfi. 



Barium, 

Platinum, 

Gold, 

Mercury, 

Lead, 

Bismuth, 

Uranium, 



-Well-known metals. 



Beryllium, 


Be =9. 


Titanium, 


Ti =48. 


Vanadium, 


V =51. 


Selenium, 


Se =79. 


Zirconium, 


Zr =91 
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Yttrium, Y =89. Cwsiiim, CssISS. 

Niobium, Nbs94. Lanthanam, Las 138. 

Rntheniam Ra=102. Didymium, Dies 1 42. 

Rhodium, Rh=I03. Ytterbium, Yb«173. 

Indium, In = 1 1 4. Tantalum, Ta = 1 83. 

Tellurium, Te=:126. Thorium, Th=232. 

Besides these 66 elements there have been disoovered : — 
Terbium, Samarium, Thullium, Holmium, Mosandrium, PhillipiaiDy 
and several others. But their properties and combinations, owing to 
their extreme rarity, are very little known, and even their existence as 
independent substances '^ is doubtful. 

It hite been incontestably proved from observations on the spectni^ 
of the heavenly bodies that many of the commoner elements (such as 
H, Na, Mg, Fe) occur on the far distant stars. This fact confirms the 
belief that those forms of matter which appear on the earth as elements 
^ are widely distributed over the entire universe. But we do not yet 
.know why, in nature, the mass of some elements should be greater 
than that of others.^^ *»'• 

The capacity of each element to combine with one or another 
element, and to form compounds with them which are in a greater or 
less degree prone to give new and yet more complex substances, forma 
the fundamental character of each element. Thus sulphur easily com- 
bines with the metals, oxygen, chlorine, or carbon, whilst gold and 
silver enter into combinations with difiBculty. and form unstable com* 
pounds, which are easily decomposed by heat. The cause or loroe 
which induces the elements to enter into chemical change must be ooo* 
sidered, as also the cause which holds different substances in oombins^ 
tion — that is, which endues the substances formed with their particular 
degree of stability. This cause or force is called affinity {affinita§^ 
affinitiy Vencandtschc^), or chemical affinity.'* Since this force most 

** Pouibly Bome of thair compoundi are componndi of other already -known elements. 
^me and inconteitably independent oompounda of these •obatancea are unknown, and 
tome of Ihem hare not eren been separated, bol are only supposed to exist from the 
results of speotrosoopio researches. There can be no mention of such oontestable and 
doubtful elements in a short general handbook of chemistry. 

M ^1* Olark in America made an approximate calculation of the amount of the dif« 
ferent elements contained in the earth's crust (to a depth of 16 kilometres), and found 
that the cbief mass (over 60 per sent.) is composed of oxygen ; then oomes silicon, &c. | 
while the amount of hydrogen is less than 1 per cent, carbon scarcely 0*26 per cent, 
liitiogtn even less than (H>8 per eent. The relative masses of such metals as Cn, Ki, Aq 
is minute. Judging from the density (see Chapter Vm.) of the earth, a large ptoportiflB 
d its mast must be composed of iron. 

^ This word, first introdnoed, if I mistake not, m«o chemistry by (Hauber, is based 
on the idea of the ancient philosophers that combinstion can only take place when the 
•ubttancet combining havt something in common— a medium. As is generally the out, 
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be regaitjed as esdusively an attractive force, like gravity, mutj 
writers (for instance, Bergmenn at the end of tba last, and Berthollet 
at the beginning of this, centurj*} supposed affinity to be essentially 
similar to the anivers^ force of gravity, from nhich it only liiflera ia 
that the tatt«r acts at observable distances whilst afSnity onlj evinces 
itself at the smallest posaible distaaces. But ohemical atSnity cannot 
be entirely identified with the universal attraction of gravity, which 
acta at appreciable distances and is dependent only on mass and dis- 
tance, and not on the quality of the material on which it acts, whilst 
it is by the quality of matter that affinity is most forcibly inilueaoed. 
Neither can it be entirely identified with cobeaion, which gives to 
homogeneous solid substances their crystalline form, elasticity, hard- 
ness, ductility, and other properties, and to liquids theirsurface tension, 
drop formation, capillarity, and other properties, because affinity acts 
between the component parts of a substance and cohesion on a sub- 
stance in its homogeneity, although both act at imperceptible distances 
(by contact) and have much in common. Chemical force, which makes 
one substance penetrate into another, cannot be entirely identified with 
even those attracting forces which make different substances adhere to 
Mch other, or hold together (as when two plane- polished surfaeea of 
solid substances are brought into close contact), or which cause liquids 
to soak into solids, or adhere to their surfaces, or gases and vapours to 
condense on the surfaces of solids. These forces must, not be con- 
founded with chemical forces, which cause one substance to penetrate 
into the substance of another and to form a new substance, which ia 
never the case with cohesion. But it ia evident that the forces which 
determine coheeion form a connecting-link betwe'-n mechanical and 
chemical forces, because they only act by intimate contact. For a 
long time, and especially during the first half of this century, chemical 
attraction and chemical forces were identified with electrical forces. 
There is certainly an intimate relation between them, for electricity ia 
evolved in chemical reactions, and has also a powerful influence on 
chemical processes — for instance, compounds are decomposed by the 
action of an electrical current. And the exactly similar relation which 
exists between chemical phenomena and the phenomena of heat (heat 
being developed by chemical phenomena, and heat being able to decom- 
pose compounds) only proves th6 unity of the forces of nature, the 
capability of one force to produce and Ui be transformed into others. 
For this reason the identification of chemical force with electricity will 

•Bolhar idea vralvtd itMit la uitiqDit;, and hu lived until non, (ids by ud« with the 
Bm. to whicb il i>«actly conlmdiclotr i UuasoDudiin naJOD » depeDdut on omtrMl, 
<n pokr difliKDcw, on ui affoit to BU np ■ wuA. 
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oot bear experimental proof.*® As of &11 the (moleoakr) pheDomeuk 
of natore which act on tabctances at immeaeurably small ^'■<^*MTt, 
the phenomena of heat are at present the best (comparatively) known, 
having been redaoed to the simplest fundamental prinoiplea of 
. inechanics (of energy, equilibrium, and movement), which, ainee 
Newton, have been subjected to strict mathematical analysis, it is 
quite natural that an effort, which has been particularly pronounced 
during recent years, should have been made to bring chemical 
phenomena into strict correlation with the already investigated phe- 
nomena of heat, without, however, aiming at any identification of 
chemical with heat phenomena. The true nature of chemical force is 
still a secret to us, just as is the nature of the universal force of gravity, 
and yet without knowing what gravity really is, by applying mechani- 
cal conceptions, astronomical phenomena have been subjected not only 
to exact generalisation but to the detailed prediction of a number of 
particular facts ; and so, also, although the true nature of chemioal 
affinity may be unknown, there is reason to hope for considerable pro- 
gress in chemical science by applying the laws of mechanics to ohenuoai 
phenomena by means of the mechanical theory oi heat As yet this 
portion of chemistry has been but little worked at, and therefore, while 
forming a current problem of the sciAnoe, it ib treated more fully in 
that particular field which is termed either ' theoretical ' or ' physical ' 
chemistry, or, more correctly, chemical mechcmics. Am this provinoe d 
chemistry requires a knowledge not only of the various homogeneous 

" EspeeUlly ooncloAive are ihote cums oi KMsalled melal«p«iB (DomM, lAOxant). 
Chlorino, in combining with hjdrogeQ^ forms » very stable sobst&nce oaltod 'hydroehloflie 
aeid,' which is split op by the action of ao elactnoal eorrent into chlorine and bydiqiMi, 
the chlorine l^ppoaring at the posttive and the hydrogen at the negative pole. TTsaot 
«leciro-chemists considered hydrogen to be an electro^ positive and chlorine an eleotio- 
negative element, and that they are held together in virtue of their opposite elaotrieal 
ehargea. It appears, however, from metalepeia, that chlorine can replace hydrogen (aadl, 
inversely, hydrogen can replace chlorine) in its compounds without in any way ^***^'*g^ 
the grouping of the other elements, or altering their chief chemical properties. For 
instance, aeetic acid in which hydrogen has been replaced by chlorine is still capable of 
fonning salts. It must be observed, whilst considering this subject, that the explaoatfon 
•oggeeting electricity as the origin of chemical phenomena is unsound, since it attempU to 
explain one class of phenomena whose nature is almost unknown by another class wfakll 
is no better known. It is most instructive to remark that together with the eleetrioal 
theory of chemical attraction there arose and survives a view which explains the galvaaio 
eorrent as being a transference of chemical action through the circuit — i.«., regards the 
origin of electricity as being a chemioal one. It is evident that the connection is vefj 
Inltmate, although both phenomena are independent and repreeent di£Eerent iocms of 
moleeolar (atomic) motion, whose real nature is not yet understood. Nevertheless, 4he 
oooneotioD between the phenomena of both categories is not only in itself very inslruotive, 
bal H extends the applicability of the general idea of the unity of the forces of ttaku% 
•oovielioo of the troAh of vhiob has held to impoiteal a pkoe in the wieaoo of the hMt 
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■obBtanoea which have yet been obtained aud of the chemical trnna- 
formations wbicli they undergo, but also of the phenomena (of heat and 
other Idods) b^ which these transfonnations are accompanied, it ia only 
possible to enter on the study of chemical mechanics after an acquain- 
tance with the fundamental ohemiool conceptions and substance! which 
form the subject of ttuB book." 

As the chemical changes to which substaacea are liable pTooeed 
from internal foroea proper to theee substances, at chemical phenomenft 
<»rtainlj consist of motions of material porta (from the laws of the 
indestructibility of matter and of elements), and as the investigation 
of mechanical and physical phenomena proves the law of the inJ^itrue- 
tibilili/ of/oreet, or the conservation of energy — that ia, the possibility 
of the transformation of one kind of motion into another (of visible 
or mechanical into inviaible or physical) — we are inevitably obliged to 
acknowledge the presence in substoncea (and especially in the elements 
of which all others aro composed) of a store of chemical enerijy or in- 
visible motion inducing them to enter into combinations. If hoat 
be evolved in a reaction, it meana that a portion of chemical energy ia 
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Idau and toot* putitnlu ounplM ntsrhng mors eapeoiBllT to gnua, i 
dworr mart b« ngardad •« Uh nuMt oompteM. The moleonUr mechiu 
Solids li *B T^ fn tmbryo^ and oonteini muoh tlul it diipatabla; 
•htoiial toecbiuilss bu xatAa Im> pngrsH (a nUtion to UieH nibituuiea. tl axj not 
be 4Dp«rBDoai ban lo nnurk, wiUi ntpect to tha conoaptiiMi at e)iaDuc«I affioili, thai 
op ba lh6 prescDl tuDe gnfevitj, aleatricity. uid hiAb Iutb til been applied to it« *liuiid^ 
Hon. EOaru han alto bsea mada to istrodoH the lumiiufgiDiit etbet into thMiretical 
chsnUtry, and ihould thol oonseolioa batvaan tha phenomona of light uid deolnolt; 
•hich wai vsUbliihed by Manall b* worked oal mora in daUil, douhtliwi iIum sfforM 
lo aloDldit* all or ■ great deal by the aid ot tnmiaileiong ether will again appear In 
tbeoraUeal eheauitiy. An iudspandaiit ah«nloal meohanka of the matarial paitida) at 
matter, and of thsii internal {atomic) ohaDgBa, would, in my opinion, ahae aa tha iwilt 
of Ihue aflorta. Pwo hnndnd yaan ago Ifewtoo laid ttie fonndalion ol a truly loiantiflo 
Ihaoratical mechasiei at eitamal Tiiibla motioo, and on thia toundatioD waoled the 
•difloe ol celeatial meohanica. One hondred ytun ago Lacoiiiar arrived at the Bnl 
fondanental law of Ihe internal macbaiuu al inrisible partiolet ol matter, Thii aDbjeol 
la fat from haying bean developed Lato a horvioaious who^ becauae ■( ia much mora 
diJBenll, and, althoogh many delaili have been completely inratigalad, it dooa not 
poa w any itarting pomta. Ngwtoo only eame altet Coperaicaa and Eepler, who hid 
diioovered anipihaally the aiterior limplicity of celeitial phencmana, LaToiiier and 
DaltOD may, in reipoot to the chemical mechajud of the moleoulu world, bo compared 
lo CopflmicMa and Kepler. But a Newton haa Dot yet appea^ m Ihe moteoolar world ; 
when ha doei, t think that bo will find the fundamental lawa ol the mechaniea of the 
iniidble motiona of matter more eaaily and moie quickly in the i- bemieai alructore of 
■latlai than in phyaical phenomaoa (of electricity, heat, and %hi) ; (or theee Utter are 
accompliihed by particlaa cI matter already arranged, whilel it ii now sleoi that Ih* 
problem ol chemical mechaaica mainly Im in the apprebeoaloa ol tboaa motiou whisk 
MS isviaibly aeocspliihed by the iDialleil atooi* ol mattor. 
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proceiB, there oooun • change la the etoro of obemioat eaergj, and al 
thsiune time &n ovolatioo or abwrption^I beat.^ 

For the comprebomioQ of oheuioal pliGnoioeiW' aa,meohaakftl pto- 
oessea — u,, the itudy of the modu* optranrli of ohonical pbeoomeoft-^- 
it ia most important to ooiuidof : (1) the fa«u galborad froa 
■toichiometry, or that part of ohemktry which treat* of the qnantita* 
tive relation, by weight or volume, o( the reacting subitaAoee ; (S) the 
distbction between the diSbrent forms tuid claMea of chemioU 
reactiona ; (3) the Btady of the ohangea in properties produced b; 
&lt«retion in compoaitaQn ; (4) the study of the phenomena which ao- 
company chemical transformatioo ; (S) ft generalisation of the ctm- 
ditions under whiob reactiona ooonr. Am regarda atoiabiometry, thie 
branch of chemlatry baa been worked ont moit thoroughly, and 
oompriaea laws (of Dalton, Avogadro-O^rbordt, and others) which bear 
ao deeply on all parti of obembtry tiiat at the present time the ohief 
problem of chomioal reaearoh eon^atfi in the application of general 
atoichiometrical taws to concrete eKamplea, i.e., the qoantitativs 
(volumetric or gravimetric) oompodtion of substanoes. AU other 
branches of obemistry are clearly subordinate to this most importajit 
portion of chemical knowledge. Even the very signiGontion of re- 
actions of combination, decomposition, and rearrangement, acquired, oa 
wo shall Bee, a particukr and new charaoter under the io&uenoo of tha 
progress of exact ideaa concerning the quantitative relations of sub- 
Btanoea entering into chemical changes. Furthermore, in this sense 
there aroee a new — and, till then, unknown — division of compound 
tubetanoes intod^ntle and tru/fl/inife com pounds. Even at the beginning 
of this century, Berthollet bad not made this distinction. But l^nni 
showed that a number of oompouuds contain tbn substances of which 
they are composed and into which they break up, in exact definite pro- 
portions by weight, which are unalterable nnder any conditions. Tbaa, 
for example, ted mercury oxide always contains aixteen parts by weight 
of oxygen for every 200 parte by weight of moroory, which is expreaaed 
by the formula HgO. But in on alloy of copper and silver one or th» 
other metal may be added at will, and in an aqueous solution of sugar, 
the relative proportion of the sugar and water may be altered and 
nevertheless a homogeneous whole with the sum of the independent 

bdoTC dHMnpoDUan oi dungo ol lUto, uil callad ' qwoiBo hoat,' gooa in lotBj luaa to 
tita nvpu^oo. if it Duy be lo fiiprvtwd, of r ea flUon, evdo vbaD Ub Umil of tba 

□iTCKtioo iiaatUUiDsd. TbainolKDlet dI *(iibaluucA,«hiohuiiotabls 
tubatuiou B bsloH a (empuciton t, b; being hHted tram • (wiwvbat loi>« 
(0 (, DsdoiSiwi thai ohuigs vblcb bud to be urived il loi "' ' "~~ 
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piopertiet will be obUuned^^^,, in these oaaet there wat indefiniW 

ehemical oombiDataoD. Althoogh in nalore and ohemioftl praolke the 
formation of indefinit^e oonponnds (each aa alloji and aolntiona) jpUjm 
at essential a part as the formation of definite chemical compounds^ yel^ 
as the stoichioibetrical laws at present apply chiefly to the latter, all 
hcU concerning indefinite oomponnds saAMr from inezactitnde, and it 
is only daring recent years that the attention of chemists has beeo 
directed to this province of chemistiy. 

In chemical mechanics it Is, from a qtialitatiye point of ?iew, vwy 
important to clearly distinguish at the very beginning between r§v$r^ 
9ibl$ and non-rtfmMU r^adiom. Bnbstatioes capable of reacting oo 
each other at a certain temperature produce substances which at the 
same temperatare either can or cannot give back the original substanosa. 
For example^ salt dissolves in water at the ordinary temperature^ and 
the solution so obtained is capable of breaking up at the same tempera- 
ture, leaving salt and separating the water by evaporation. Oeurboii 
bisulphide is formed from sulphur and carbon at about the same 
temperature at which it can be resolved into sulphur and carbon. Iron^ 
at a certain temperature, sepcurates hydrogen from water, forming iron 
oside, which, in contact with hydrogen at the same temperature, is able 
to produce iron and water. It is evident that if two substances^ A 
and B, give two others C and D, and the reaction be reversible, then 
and D will form A and B, and, consequently, by taking a definite 
mass of A and B, or a corresponding mass of C and D, we shall obtain* 
in each case, all four substances — that is to say, there will be a state 
of ehemieal equilibrium between the reacting substances. By incrsasing 
the mass of one of the substances we obtain a new condition of equi- 
librium, so that reversible reactions present a means of studying the 
uf{fluence qfrruus on the madtis operandi of chemical changes. Many 
of those reactions which occur with very complicated compounds or 
mixtures may serve as examples of non-reversible reactions. Thus 
many of the compound substances of animal and vegetable organisms 
are broken up by heat, but cannot be re-formed from their products 
of decomposition at any temperature. Gunpowder, as a mixture of 
sulphur, nitre, and carbon, on being exploded, forms gases from which 
the original substances cannot be re-formed at any temperature. In • 
order to obtain them, recourse must be had to an indirect method of 
combination at the moment of separation. If A does not under any 
circumstances combine directly with B, it does not follow that it cannot 
give a compound A B. For A can often combine with C and B with 
D, and if C has a great affinity for D, then the reaction of A C or B D 
produces not only C D, but also A B. As on the formation of C D, 
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tlie snbstonoes A and B (previoQsly in A C and B D) aro left in a 
peculiar state of 8eparati(>D» it is tappoaed that their mvtual ooiO« 
bination oocura because they meet together in this naeeeni ttaie at the 
moment of separation (in tttUu na9cet%cK). Thus cblo^ne does not 
directly combine with charcoal, graphite, or diamond ; there are, never* 
tbeless, compounds of chlorine with carbon, and many of them are 
distinguished by their stability. They are obtained in the action el 
chlorine on hydrocarbons, as the separation products from the diwel 
action of chlorine on hydrogen. Chlorine takes up the hydrogen, and 
the carbon liberated at the moment of its separation, enters into com* 
bination with another portion of the chlorine, so that in the end th# 
chlorine is combined with both the hydrogen and the carbon.^ 

As r^ards those phenomena which accompany chemical action, the 
most important circumstance in reference to chemical mechanics is that 
not only do chemical processes produce a mechanical displacement (a 
motion of particles), heat, lights electncal potential and current ; but 
that all these agents are themselTSS capable of changing and governing 
chemical transformations. This reciprocity or reversibility naturally 
depends on the fact that all the phenomena of nature are only different 
kinds and forms of visible and invisible (molecular) motions. First 
sound, and then light, was shown to consist of vibratory motions, as 
the laws of physics have proved and developed beyond a doubt. 
The connection between heat and mechanical motion and work has 
ceased to be a supposition, but has become an accepted fact, and the 
mechanical equivalent of heat (425 kilogrammetres of mechanical work 
correspond with one kilogram unit of heat or Calorie) gives a mecha- 
nical measure for thermal phenomena. Although the mechanical 
thecry of electrical phenomena cannot be considered so fully developed 
as the theory of heat, both statical and dynamical electricity are 

^ It is possible to imagine ihkt the cause of a greal many of soeh reactions is, th4l 
tnbstanoes taken in a separate state, for inHlanoe, cha r cnal, present a conplex molncala 
OGinposod of separate atoms of carbon vhicb are fasten e d together (onited, as is osnalij 
said) by a considerable affinity ; for atoms of the same kind, just like atoms of differeol 
kinds, possess a mntoal affinity. The afllnity of ehlohae for carbon, although unable 
to break this bond asunder, may be sufficient to form a stable oompound with atoms of 
oarbon, which are already sep«urate. Such a view of the subject presents a hypothesis 
which, although dominant at the present time, is without sufficiently firm foundation. It 
is evident, however, that not only does chemical reaction itself consist of motions, bal 
that in the compound formed (in the molecules) the elements (atoms) forming it ore in 
hannonious stable motion (like the planets in the solar system), and this motion will 
affect the stability and capacity for reaction, and therefore the mechanical side of obemical 
Mtion must be exceedingly complex. Just as there are solid, phymcally constant noa* 
volatile substances like rock, gold, charcoal, Ac, so are there stable and chemically ooii* 
slant bodies ; while corre8p<»Miing to physically volatile sobsta&OM there are bodiM Uka 
wmiliiw. whidi are chcmioaUy nnrtabto and vtnaUe. 



84 PRINCIPLES OF CHEMISTRY 

r 

proda^ed lyj mechanical means (in common electrical machines or in 
Gramme or other dynamos), and conversely, a current* (in electric 
motors) can produce mechanical motion. Thus by connecting a current 
with the poles of a Gramme dynamo it may be made to revolve, and, 
conversely, by rotating it an electrical current is produced, which 
demonstrates the reversibility of electricity into mechanical motion. 
Accordingly chemical mechanics must look for the fundamental lines 
of its advancement in the correlation of chemical with physical and 
mechanical phenomena. But this subject, owing to its complexity and 
comparative novelty, has not yet been expressed by a harmonious 
theory, or even by a satis&u^ry hypothesis, and therefore we shall 
avoid lingering over it. 

A chemical change in a certain direction is accomplished not only 
by reason of the difference of masses, the composition of the substances 
concerned, the distribution of their parts, and their affinity or chemical 
energy, but also by reason of the conditions under which the sub- 
stances occur. In order that a certain chemical reaction may take 
place between substances which are capable of reacting on each other» 
it is often necessary to have recourse to conditions which are sometimes 
very different from those in which the substances usually occur in 
nature. For example, not only is the presence of air (oxygen) necessary 
for the combustion of charcoal, but the latter must also be heated to 
rednesd. The red-hot portion of the charcoal burns — ue, combines 
with the oxygen of the atmosphere — and in so doing evolves heati 
which raises the temperature of the adjacent parts of charcoal, 80 
that they bum. Just as the combustion of charcoal is dependent on 
its being heated to redness, so also every chemical reaction only takes 
place under certain physical, mechanical, or other conditions. The 
following are the chief conditions which exert an influence on the 
progress of chemical reactions. 

(a) Temperature. — Chemical reactions of combination only take 
place within certain definite limits of temperature, and cannot be 
accomplished outside these limits. We may cite as examples not only 
that the combustion of charcoal begins at a red heat, but also that 
chlorine and salt only combine with water at a temperature below 0**. 
These compounds cannot be formed at a higher temperature, for they 
are then wholly or partially broken up into their component parts. 
A certain rise in temperature is necessary to start combustion. In 
certain cases the effect of this rise may be explained as causing one 
of the reacting bodies to change from a solid into a liquid or gaseous 
form. The transference into a fluid form facilitates the progress of 
the reaction, because it aids the intimate contact of the partioles 
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reacting on each other Another reason, and to this must be ascribed 
the chief influence of heat in exciting chemical action, is that the 
physical cohesion, or the interna) chemical union, of . homogeneous 
particles is thereby weakened, and in tbis way the separation of the 
particles of the original substances, and their transference into new 
compounds, is rendered easier. When a reaction absorbs heat — as in 
decomposition — the reason why heat is necessary is self-evident. 

At the present day it may be asserted upon the basis of existing 
data, respecting the action of high temperature, that all compound 
bodies are decomposed at a more or less high temperature. We have 
already seen examples of this in describing the decomposition of 
mercury oxide into mercury and oxygen, and the decomposition of 
yood under the influence of heat. Many substances are decomposed 
kt a very moderate temperature ; for instance, the fulminating salt 
which is employed in cartridges is decomposed at a little above 1 20^ 
The majority of those compounds which make up the mass of animal 
and vegetable tissues are decomposed at 200^. On the other hand, 
there is reason to think that at a very low temperature no reaction 
whatever can take place. Thus plants cease to carry on their chemical 
processes during the winter. Raoul Pictet (1892), employing the very 
low temperatures (as low as —200^0.) obtained by the evaporation of 
liquefied gases (see Chap. II.), has recently again proved that at tempera- 
tures below— 120°, even such reactions as those between sulphuric acid 
and caustic soda or metallic sodium do not take place, and even the 
coloration of litmus by acids only commences at temperatures above 
— 80^ If a given reaction does not take place at a certain low tempera- 
ture, it will at first only proceed slowly with a rise of temperature (even 
if aided by an electric discharge), and will only proceed rapidly, with 
"the evolution of heat, when a certain definite temperature has been 
reached. Every chemical reaction requires certain limits of tempera- 
ture for its accomplishment, and, doubtless, many of the chemical 
changes observed by us cannot take place in the sun, where the 
temperature is very high, or on the moon, where it is very low. 

The influence of heat on reversible reactions is particularly instruc- 
tive. If, for instance, a compound which is capable of being reproduced 
from its products of decomposition be heated up to the temperature at 
^hich decomposition begins, the decomposition of a mass of the sub- 
stance contained in a definite volume is not immediately completed. 
Only a certain fraction of the substance is decomposed, the other por- 
tion remaining unchanged, and if the temperature be raised, the quan- 
tity of the substance decomposed increases ; furthermore, for a given 
▼olome, the ratio between the part decomposed and the part unaltered 
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corresponds with each definite rise in temperature until it reaches tbai 
at which the compound is entirely decomposed. This partial deopm- 
position under the influence of beat is called dissociation. It is pos- 
sible to distinguish between the temperatures at which dissociation 
begins and ends. Should dissociation proceed at a certain temperature, 
yet should the product or products of decomposition not remain in 
contact with the still undecomposed portion of the compound, then 
decomposition will go on to the end. Thus limestone is decomposed 
in a limekiln into lime and carbonic anhydride, because the latter is 
carried off by the draught of the furnace. But if a certain mass ci 
limestone be enclosed in a definite volume — for instance, in a gun 
barrel — which is then sealed up, and heated to redness, then, as the 
carbonic anhydride cannot escape, a certain proportion only of the 
limestone will be decomposed for every increment of heat (rise in tem- 
perature) higher than that at which dissociation begins. Decomposition 
will cease when the carbonic anhydride evolved presents a maximum 
dissociation pressure corresponding with each rise in temperature. If 
the pressure be increased by increasing the quantity of gas, then com- 
bination begins afresh ; if the pressure be diminished decomposition 
will recommence. Decomposition in this case is exactly similar to 
evaporation ; if the steam given off by evaporation cannot escape, its 
pressure will reach a maximum corresponding with the given tempera* 
ture, and then evaporation will cease. Should steam be added it will 
be condensed in the liiquid ; if its quantity Ife diminished — t.e. if the 
pressure be lessened, the temperature being constant — then evaporation 
. will go on. We shall afterwards discuss more fully these phenomena of 
dissociation, which were first discovered by Henri St. Claire Deville. 
We will only remark that the products of decomposition re- combine 
with greater facility the nearer their temperature is to that at which 
dissociation begins, or, in other words, that the initial temperature of 
dissociation is near to the initial temperature of combination. 

(6) The influence of an electric current^ and of electricity in general, 
on the progress of chemical transformations is very similar to the. 
influence of heat. The majority of compounds which conduct elec- 
tricity are decomposed by the action of a galvanic current, and as 
•'there is great similarity in the conditions under which decomposition 
and combination proceed, combination often proceeds under the in- 
fluence of electricity. Electricity, like heat, must be regarded as a 
peculiar form of molecular motion, and all that refers to the influence of 
heat also refers to the phenomena produced by the action of an 
electrical current, with this difference, only that a substance can be 
separated into its component parts with much greater ease by electrioi^» 
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since the process goes on at the ordinary t«mperature. The moot 
itabla compounds ma; be decomposed by this means, and a most im- 
portant fact ia then observed— Domelf, that the component parts 
appear at the different poles of electrodes by which the current passes 
through the substance. Those substances which appear at the positive 
pole (anode) are called 'electro-negative,' and those which appear at 
the negative pole (cathode, tbnt in connection with the due of an 
ordinary galvanic battery) are called ' electro- positive.' The majority 
of Don-metallic elements, such as chlorine, oxygen, iic, and also acids 
and substances analogous to them, belong to the fii'St group, whilst the 
metals, hydrogen, and analogous products oE decomposition appear 
at the negative pole. Chemistry is indebted to the decomposition of 
compounds by the electric current for many most important discoveries- 
Many elements have been discovered by this method, the most im- 
portant being potassium and sodium. Lavoisier and the chemists of 
his time were not able to decompose the oxygen compounds of these 
metals, but Davy showed that they miKht be decomposed by an 
electric current, the metals sodium and potassium appearing at the 
negative pole. Now that the dynamo gives the possibility oC pro- 
ducing an electric current by the combustion of fuel, this method of 
Sir H. Davy is advantageously employed for obtaining metnla, &c. on 
■ large scale, for instance, sodium from fused caustic soda or chlorine 
from solutions of salt, 

(c) Certain unstable compounds are also decomposed by the aelion 
of light. Photography is based on this property in certain substances 
(for instance, in the salts of silver). The mechanical energy of those 
vibrations which determine the phenomena of light is very small, and 
therefore only certnin, and these generally unstable, compounds can be 
decomposed by light — at least under ordinary circumstances. But 
there is ono class uf chemical phenomena dependent on the action of 
tight which forms as yet an unsolved problem in chemiiitry — these are 
the processes accomplished in plants under the influence of light 
Hero there tahe place most unexpected decompositions and combina- 
tions, which are often unattainable by artificial means. Per instance, 
carbonic anhydride, which is so stable under the influence of beat and 
electricity, is decomposed and evolves oxygen in plants under the 
influence of light. In other cases, light decomposes unstable com- 
pounds, such as are usually easily decomposed by heat and other 
agents. Chlorine combines with hydrogen under the influence of 
light, which shows that combination, as well as decomposition, can 
be determined by its action, as was likewise the cose with heat and 
electricity. 
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(d) ifechameal cauiea exert, like the foregoing agents, an action 
both on the process of chemical combination and o( decomposition. 
Manj aubaUnces are decomposed by friction or by a blow— as, foP 
example, the compound called iodide of nitrogen {which is composed of 
iodine, nitrogen, and hydrogen), and silver fulminate. Mechanical 
friotion causes sulphur to bum at the expense of the oxygen contained 
in potassium chlorate. Pressure affects both the physical and chemical 
Btat« of the reacting substances, and, together with the temperature, 
determines the state of a substance. This is particularly evident when 
the substance occurs in an elastic-gaseous form since the volume, and 
hence also the number of points of encounter between the reacting 
substances is greatly altered by a change of pressure. Thus, under 
eqcal conditions of temperature, hydrogen when compressed acta mora 
powerfully upon iodine and on the Holutions of many salts. 

{e) Besides the various conditions which have been enumerated 
above, the progress of chemical reactions is accelerated or retarded bj 
the condition of contact in which the reacting bodies occur Other 
conditions remaining constant, the rate of progress of a chemical n 
action is accelerated by increasing the number of points of contact. 1 
will be enough to point out the fact that sulphuric aciddoes notabsorb 
ethylene under ordinary conditions of contact, but only after con- 
tinued shaking, by which means the number of points of contact is 
greatly increased. To ensure complete action between solids, i' 
necessary to reduce them to very Ene powder and to mix them as 
thoroughly aa possible. M. Spring, the Belgian chemist, has shown 
that finely powdered solids which do not react on each other at thv 
ordinary temperature may do so under an increased pressure. Thui, 
under a pressure of 6,000 atmospheres, sulphur combines with many 
metals at the ordinary temperature, and mixtures of the powders of 
many metals form alloys. It is evident that an increase in the number 
of points or surfaces must be regarded as the chief cause producing 
reaction, which is doubtless accomplished in solids, as in liquids and 
gases, in virtue of an internal motion of the particles, which motion, 
although in dill'erent degrees and forma, must exist in all the state* of 
matter. It is very important to direct attention to the tact that tha 
internal motion or condition of the parts of the particles of matter 
be different on the surface of a substance from what it is inside ; 
because in the interior of a substance similar particles are acting on 
all sides of every particle, whilst at the surface tliey aol on 
only. Therefore, the condition of a substance at its surfaces of contact 
with other substances must bo more or less modified by them — it may 
tie in a manner similar to that caused by an elevation of temperature. 
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Hibm ermridentions tbrov some light on the Mtlon En the Ui^ cliMt 
I conlael reatttoiu ; that ii, lach as appear to proceed from the men 
e (contact) of certain apecial subttanoee. Porous or powdery 
^nbstances ore very proae to act in this wnj, etpeoiolly spongy 
I idfttinum and charcoaL For esAmpIe, sulphnioiu anhydride doei not 
combine directly vith oiygen, but tbia reaction takes place In the 
pr«8eDce of ipongy platiauiD.^^ 

The above general and introduotory ohemictU oonoeptions cannot be 
tboronghly graaped in their tmo sonae without a knowledge of the 
particular foots ot obemistry to which we shall now tnm our attention. 
It was, however, absolutely necessary to become acquainted on the 
very threshold with such fundamental principles as the laws of the 
l&destmctibility of matter and of the conservation ot energy, since it 14 
only by their a«ecf)tance, and under their direction and ioQuence, that 
the examination of particularfoctscan give practical and fruitful results. 

** CoDtoot pb«BOBMM We HiMiTfttsljr BOBitdani IB deUil Id the wotk of PtoUntat 
EMHmlDO (18841- Id Df optnlgn, il moil b« held lluit Um tUU o( Uu ioMnul moUoni 
ol Um Menu lb doMBbIm i* modillsd ■( tbe poiuta ol oaatOiit ol labtUncw, (od Ihi* 

acnpodlioa, ud n«nta(«DMiit tra a«ooinpti>hiid bj eoDtwrt. PralHtor KononlaA 
■Juwtd Hut > ssmbn ot ■obitUMM^ uder csrtaiD eondilioii* ol Ibsir tncfMiMi aot bj 
eonUoli lor inmuwa, flulrdindMl tilio* (from Uu bydnU) uU joM Ulra pUtlDom, 
dwompo^g Mftala eompoimd elhsn, A> naoUona u« ODhr ucumpliahod undni dow 
•entMt, il i» ptobible that IhoH modiflutlou ia the diatriboUoo o( th« klonu io nwl*- 
«Bt« vhloh coma tboDt bj sodUcI phinomau p»p4n lbs n; lor than. By thU tb« 
rtfiff of conlhct phenamoiiA i< oQUidorkbt j oxtended, fltvli phnomoiia ■hoold eifdAba 
(hs faci oby a miilaiB ot bjdragen u4 alfgn yMdi w^tu (uplodu) U diSareol 
(ttmporataroi, koootding to tbfi hind of h«fttod nbiUnofl wliicb ITu 
tUTQ^ In Db«mical meohiuiici, pbvnamwu ot thli kind bavo greM importupa, bt 
Ibay b*Te bMn bnt littla itodiad. II mwl not bt lorgottoi tbal cmUwt i* 
•ondJtioD for urtrj 1*1™ i™i ratiMioo. 
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CHAPTER I 

t WATBR iVD ITS 



Water is found almoat everywhere in nnture, and in nit three pbynoal 
■tatei. As vapour, woler occurs in the atmosphere, and in this form 
it ia distributetl over the entire surface of the eartli. The vapour ol 
wftter in condensing, by cooling, forniB snow, rain, hail, dew, and t 
Qne cnbic metre (or 1,000,000 cubic centimetres, or 1,000 litres, or 
30'316 cubic feet) o{ air can contain at 0° only 4 8 grams of wAtor, aX 
20° about 170 grams, at 40° about 50-7grams; but ordinary air only 
containB oboul GO per ceat. of thia maximatn. Air containing leu 
than 40 per cent, is felt to be dry, whilst air which contains mora Ucan 
80 per cent of the same maximum is considered as distinctly damp.' 
Water in the liquid Btat«, in falling as rein and snow, aoaks into tha 
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■oil imi coUecta together iiito spriogs, lakes, rivers, leu, ftnd oce&na. 
It it absorbed from tbe soil hj the roots ol pkats, which, when freih, 
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ocmtain from 40 to 80 per ceot of water by weight Animals contain 
about the same amount of water. In a solid state, water appears 

Ufl for a certain tiino so that the gas may become saturated, the precaotidn being telc«ii 
that a portion of the water remains in a liquid state ; then the Tolome of the moist gma 
Is detenniued, from which that of the dry gas may be calctdated. In ^rder to find th* 
weight of the aqueous vapour in a gas it is necessary to know the weight of a cnbio 
measure at 0^ and 7G0 mm. Knowing tliat one eubic centimetre of air in these oirooitt- 
•tances weighs 0001208 gram, and that the density of aqueous rapouc is 0B% we find 
that one cubic centimetre of aqueous vapour at 0^ and 760 mm. weighs 0*0008 grainy 
aud at a tem]>erature t^ and pressure h the weight of one^lbubio centimetre will hm 

0*0008 X '\ X .^7? We already know that v volumes of a gas at a'temperatnre t^ 
760 278 + < 

pressure h contain vxi volumes of aqueous vapour which saturate it, therefore Iha 

weight of the aqueous vapour held in v volumes of a gas will be 

vkOOOOSx Xx^IL 
760 278 ♦ t 

Accordingly, the weight of water which is contained in one volume of a gas depend* 
only on ^le temperature and not on the pressure. This also signifies that evapora* 
tion proceedH to the same extent in air as in a vacuum, or, in general terms (this is 
Dalton'e law), vapours and gasos diffuse into each other as if into a vacuum. In a given 
•pace, at a given temperature, a constant quantity of vapour enters, whatever be the 
pressure of the gan filling that space. 

From this it is clear that if the weight of the vapour contained in a given volmne 

of a gas be known, it is easy to determine the degree of moisture rs — ^ x 
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fl78 ^ t 

Zi . On this is founded the very exact determination of the degree of moisture of 

878 f ** 

air by the weight of water contained in a given volume. It is easy to calculate from 

the preceding formula the number of grams of water contained at any pressure in one 

cubic metro or million cubic centimetres of air (saturated with vapour at various tempera^ 

lures ; for instance, at 80* /-- 81-5, hence p = 29-84 grams. 

The laws of Mariotto, Dalton, nnd Gay-LusRac, which arc hero applied to gasea anA 
vapours, are not entirely exact, but are approximately true. If they were quite ezad^ 
a mixture of several liquidn, having a certain vapour pressure, would give vapours of a 
very high pressure, which is not the case. In fact the prc&Buro of aqueous vapour is 
shghtly less in a gas than in a vacuum, and the weight of aqueous vapour held in a gae 
is slightly less than it should be according to Dalton's law, as wan shown by the experi- 
ments of Regnault and othcrp. This means that the tension of the vapour is less in air 
than in a vacuum. The difTcrenco does not, however, exceed 5 per cent, of the total 
pressure of the vapours. This decrement in vapour tension which occurs in the inters 
mixture of vapours and gases, although small, indicates that there is Uien already, so to 
speak, a beginning of chemical change. The essence of the matter is Uiat in tliis case 
there occurs, as on contact (seo preceding footnote), on alteration in tho motions of the 
atoms in tho molecules, and therefore also a change in tho motion of tho moleculee 
themselves. 

In the uniform intermixture of air and other gases with aqueous vapour, and in the 
capacity of water to pass into vapour and form a uniform mixture with air, wo may 
perceive an instance of a physical phenomenon which is analogous to chemical phe- 
nomena, forming indeed a transition from one class of phenomena to the other. Between 
water and dry air there exists a kind of aflinity which obliges the water to saturate the 
air. But Kuch a homogeneous mixture is formed (almost) independently of the nature of 
the gas in which evai>oration takes place ; even in a vacuum the phenomenon occurs in 
eiactly the same way as in a gas, and therefore it is not the property of the gas, nor its 
relation to water, but the property of the water itself, which compels it to evaporate, an4 
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U MOW, Ice, or fn an intennedifkte form between these two, which 

1 monntaina vovered with perpetual saov. The water of 

rivers,' springs, ocesna eiiid eeaa, liJtes, and w«!1a contains varioua 



bold Dulkin'i UiH. 

' Xd falling through Iba sOnotpherfl, water diuoltflfl the gue* □] 
oitnc acid, ammcmia, otguiia oompquiulB, Hlt< of Kidjiu]i, nu^gneaiunit acd calcium^ and 
DiDchiuuoftUj irajlui onl a miitun of doat and mioiob«a which ato ampandcd in Chs 
■Imuphani. The amoant ot IhcH and certain othsr woalilDenti ii t«7 vahabta. Evsa 
in the bffginnmg ajid end of Uu aamfl rainf aU a Yariatioo which ia often vary aonaidvrtU* 
CUT be remarkod. Tliua, far example, BoDun iDDDd that rain co" 
of a ahnwer conl*ined i1 grama of ammDnin per cable omtie. whilit that collectHl at tha 
and ot thn laiiia ahowst conMunad onlj D'M gram. The water of the entire ihower con- 
UlBSd an arerage ot 1*47 gram of anunonia per enbic metre. Id lb« coone of a 7oaI 
raan lapplifla an acre of ground wilb ai mtwh aa fi^ kiloa oNtitrogeo in 
tturchand fonnd m one cubic metre of eflow water IC'IIS, and in ana i^Dbia metre of raia 
water llmj, grama of aodinm aolphnte, Angna Smith ibowed that after a thirty honn' 
fall at UaAobGatcr the nin atiil contained dl'& grama of aalta per cnbic metre, A eon- 
aidorable amount of organie matter, namelj ftfi grmma per cnbic metiv, hai bi 
in raui walsr. The total amount of aaUd matter in rain water reaches M grama par 
onbie metre. Rain water generally oontaiaa lerr little cubonie acid, whilat tirtt 
water conUina ■ conaiderable qoantitT of it. Is ooixaidering the nouriahmeiit d 
planta il ia neeeaaarir *" '""P ■" '''"' *'"> acbataneea which aie carried into Lba mQ 
bymin. 

I fed bf atmoai^urna 

W parte. The unonnt 

r 1,000,000 parte by weight, oontejned in the ■ ' ' 

1, the Loirs 1S5, the St. Lawrence 170. Ibe Rhone 183, the Dniepa 






Uie Thamea al Landm Innn tOO to 4S0, in ite opper puta BS7. and In ita lower porta np 
k> 1,017, the Nile l.tSO, the Jordan 1.0S9. The Neva ia chanetfliaed by the remarkehl; 
■nail amount ot aolid matter it containa. From the inreatigationa of Prof. G. S. Tiapp, 
a cobio metra d( Ners water wntaina N granu ot ueombnatible ud 18 gianu ol 
<vgmnio matter, or altogether abotJt Ofi grams. Thia ieone ot the purest waten which ia 
known in rivers. The large amoont of imparities in river water, sjad aspecially of orgaoia 
impuhtj produced by pollution with ptitrid m 



Tbe chnf put of 
■00 puts ot U 

the Dannbees 
H«Ta contains 



tbe Loire SB, from i 



. of calcic 



«e in river water consiati of the ciklcinm salti. 
he following amonnte of calcium oarboi 
Thunea about CO, ibe Elbe tK, tbe ViMnla SI, 
Jie Beine 70, the Rhone from Bi to M- Th« 
nale per 100 parte of aaline matter The oon- 
lieh river water DontuntiaTerycaulyeiplaiDed 

' lulphale, 



■a all over the earth. Beaidea eiJt 
gnenun. lilica. chlorine, eodinm. potiniBm, all 
Hie presence ot aalta ot pboaphorio aeid baanot jvt been determined 
niere, but the 

in almoet all kinda of wcU-inTeetignted rinr wat«. The qnantity of calcinm phoaphate 
doM notuoeedO'4 gram in the water ot the Dnieper, and tbe Don does sot contain mon 
thauBgnms. Tbe water of tbe Seinesontainaabontlfigtaneof iiitr>tea,aod that ot th» 

BWd* »bogl O-E gram in Jane, and O-J gntn 
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•obttanoM in toliitSoD mottlj nli,*that i% tnbtUnoM rsMOihifag 
oommon table salt in tlieir phyticAl properties and chief cWttieal 
traniformationi. Further, the quantity and nature of these 
differ in different waten.' Everybody knows Uiat there are 



IIm Mine unonat Thit ii leM tlum in nin water. NolwilhiUiidiiig tldt imisnifl— I 
qoAntity, the water of the Rhine alone, which ia not to Ttrj large a riTer^ earxiea ie,eil 
kilograms of ammonia into the ooean-erery day. The diffnenoe between the amovnl of 
Mpmonia in rain and river water dependi on the fact that the eoil thioogh wfaieh Ike 
fain water paeeet is able to retain the ammonia. (Boil can also abeotb manj other m^ 
itances, such as phosphoric acid, potassium salts, ^) 

The waters of springs, rivers, wells, and in general of those localitiet tnm wfaieh il Ii 
taken for drinking purposes, may be injorioos to health if it oon taint moeh orgaait 
pollotion, the more so as in snoh water the lower organisms (bacteria) .may rapkDf 
develop, and these organisms often serve as the carriers or canses of infec^iooa dimisab 
For instance, certain pathogenic (dis6ase>prodacing) bacteria are known to p r odaea 
iyphoid, the Siberian plague, and cholera. Thanks to the work of Pasteor, ICetchnikoi^ 
Koch, and many others, this province of research has niade considerable progresa. It It 
possible to investigate the number and properties of the germs in water. In baoleiiiv 
logical r«t«arcbcii a golatinoos medium in which the germs can develop and multiply it 
pr«*pared with K*^'l<ktin and water, which has previously been heated several timet, «l 
istorvalH. to KH)' (it is thus rendered sterile—that Is to say, all the germs in it are killed). 
Thit wKtfr to bo iiivviitigated is added to this prepared medium in a^efinite and nnsJl 
quantity (Honioiiinos diluted with sterilised water to facilitate the calculation of tht 
nuinb4*r ot itfTMin), it is protected from dust (which contains germs), and is left al retl 
until whole fauulies of lower orgsaisms are developed from each germ. These famHiet 
(colonies) are visible to the naked eye (as spots), they may be counted, and byezaminiaf 
ihi*m under the microscope and observing the number of organisms they produce, their 
•igniflcance may be detonnine<l. The majority of bacteria ore harmless, but there art 
decidedly pathogenic bacteria, whose presence is one of the causes of malady and of tht 
iprnad of certain disi^ases. The number of bacteria in one cubic centimetre of water 
ioreetimos attains the immense figures of hundreds of thousands and millions. Certain 
well, spring, and rivur waters contain very few bacteria, and are free from disetet 
producing bacteria under ordinary circumstancea By boiling water, the bacteria in il 
are kill*Ml, but tlie organic matter necessary for their nourishment remains in the water. 
The IminI kinds of water for drinking puri>08es do not contain more than &(X) bacteria in 
a cubic centimetre. 

Tlip amount of gases disBolvcd in river water is much more constant than that of itt 
•olid constituents. One litre, or 1,000 c.c, of water contains 40 to 55 c.c. of gas measortd 
at nonnal ti'inperaturo and pressure. In winter the amount of gas is greater than in 
•ununi<r or autumn. Assuming that a litre contains 50 c.c. of gases, it may be admitted 
Uiat these conHist, on an average, of 20 vols, of nitrogen, 20 vols of carbonic anhydridt 
(pr(M<(*iiling in all likelihood from the soil and not from the atmosphere), and of 10 volt, 
of oiygen. If the total amount of gases be less, tlie constituent gases are still in about 
the same pro|M)rtion ; in many cases, however, carbonic anhydride predominatea. Tht 
watrr of niany deep and rapid rivers contains less carbonic anhydride, which shows their 
rapi<l fonuatiou from atmospheric water, and that they have not succeeded, during a long 
and slow coursii, in absorbing a greater quantity of carbonic anhydride. Thus, for 
lnstanc4«, tli« water of the Rliino, near Strasburg, according to Dovillo, contains 8 &&. 
of carlMinio anhydride, 10 c.c. of nitrogen, and 7 c.c. of oxygen per litre. From tbt 
researches of I'rof. M. U. Kapoustin and his pupils, it appears that in determining tbt 
quality of n water for drinking purposes, it is most important to investigate the compoei* 
iiou of the dissolved gases, more especially oxygen. 

^ Spring water is formed from rain water percolating through the soil Naturally a 
part of the rain water is evaporated directly from the surface of the earth and from tht 
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and other (raten. The preBenoo ot about 3| per cent. 



v^eMiUoa on IL II hu been thawD (hM out of 100 puta at nto UlliBR an the evtk 
oal; SS puts Sow bo the ocean ; the TemuDiSR S4 ale <m.pml*d, or psrooUls tiir ondai- 
gromid. After flowing DndoTgroand alon^ Rome imperrioui itntA, water oomoa out *k 
the wHscB in launj pkcoi u ipring*, tiha»e terap«»tara ia deMminsd b; lb* depth 
bom which the wetar hat flowed, Bprioge peoetrMing to ■ gnal depth nuj baooin* 
•oniidErabl; heslvd. Hid Ihia in wb; bot miDenl aptiuga, with ■ tamperatora ot up lo 
>0° and bAghcT. are often met with. When a apring water oontaini labatanoai wUA 
•ndow it with a pconliat tula, and eapedallj if tbeae anbaUncai are ancb ■■ ai* <Jalj 

l«nuid a mineral watir. Manj- aoeh w»tera are emplojed for madicinal purpoaee. 
Iffiaaral walera aro cUased acoordiag to their aoiapoiition into — {a] aalme walern, which 
otten contain a larfo ainooBt o< comuan «Jt : (b) atlcahna watera, wbich contain lodiuat 
earhonate ; (s) bitter waten, which contgao oagneaia ; (d) cbalTboLta waten. which hold 
iion carbonate in lolalian; (a) aiintad watera. which are rich in carbonic ubrdridai 
if) inlptaiirettad waten, whish eoiilalii hjdragea antpbide. Solpbarelted waten majba 
fwwgniied bj thwimallol rottai eggi, and by thiir giring a black precipitate with lead 
aalta, and alao by their tamiahiDg ailiei objeett. At*ralad walsn, wbiah cootain as 
nueu ol nrbonia anhydiida, aSarveaoe in the air, ham ■ iharp tatte, and redden Ulmoi 
paper- Saline waten leave a lai^e reiidoe of eolable ulid matter on etmporatinn, and 
bare * aalt taata. Chalybeate watan hara an inky taete. and are oolooiad blank by u 
Infniian of gnJli; on being eipoeed to tho air they nanally giro a blown pnoipitala 
Oenerally. the chuACtei ol miBtnl waten ia miied. In the table below tbe analyM* 
an given ol certain miDOrat (pringa trbicb an valoed for their medicinal propertiee. 
Tbe quantity ef Uie anhalanoee ii eipreeecd in miUionUu by weighL 
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I. Scrgielfafcy, a aalphor water. Oo<. ot Samara (temp. 8° C), inaJjiii by Clauie, 
n GelJiDovodekya walor aoonw No. 10, near Patigonk. Caueaina (temp. MS"), asalyiii 
bj FriUache. lU. Aleli»ndm«altj, alhaline-anlphnr eonree, Patigorak (lemp, 48-6=), 
■veragn ol analyaei by Herman, Zinin and Fritncbe. IV Bangounloukaky, alkaliu 
eontc*, No. IT, Eawmtookah. CanoHDa (tamp. 91'fl°). analyaia by Frituche. V. Salins 
water, Suro-Rnaai. Gov. of Novgorod, analyai* by (Jslnbin, VI- Water from aiteiiaa 
well at lliB factory of aUla paper*, St. Petermboig, uiilyaK by Btniva- VO. eprlldel, 
Carlibad llamp. M'T°). analyaia by BertoUna. VUI. KreiiiDach apring fEbaaaqncllal, 
Proasi* (lamp- 8^°!, analyaia by Baoai. DC. Ean da Selti, Nauaa, analyvi by Hanir. 
X. Vichy wfttor. Franco, aoalyaia by Berthier and P1117. XI. Paramo da Euit, N«« 
Onaada.«nalTB*byL«<nrj itiadi 
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of salts renders sea- water * bitter to the taste and increasos its speoifio 
gravity. Fresh water also contains salts, but only in a compara- 
tively small quantity. Their presence may be easily proved by simply 
evaporating water in a vessel. On evaporation the water passes 
away as vapour, whilst the salts are left behind. This is why a cmst 
(incrustation), consisting of salts, previously in solution, is deposited on 
the insides of kettles or boilers, and other vessels in which water is 
boiled. Running water (rivers, &c.) is charged with salts, owing to its 
being formed from the collection of rain water percolating through the 
•oil While percolating, the water dissolves certain parts of the soil. 
Thus water which filters or passes through saline or calcareous soilf 
becomes charged with salts or contains calcium carbonate (chalk). 
Rain water and snow are much purer than river or spring water 
Nevertheless, in passing through the atmosphere, rain and snow succeed 
in catching the dust held in it, and dissolve air, which is found in every 
water. The dissolved gases of the atmosphere are partly, disengaged, 
as babbles from water on heating, and water after long boiling is quite 
freed from them. 

In general terms water is called pure when it is clear and free from 
insoluble particles held in suspension and visible to the naked eye, from 

* Sea vaater conUint more non-voUtile saline oonstitnente than the asoal kinds ol 
fresh water. This is explained bj the fact that the waters flowing into the sea Mipply 
it with salts, and whilst a large qaantitj of raponr is given o£f from the surface of ihs 
•ea, the salts remain behind. Even the specific gravity of sea water differs considerably 
from that of pare water. It is generally about 104, but in this and also in respect oif 
the amount of salts contained, samples of sea water from different localities and from 
different depths offer rather remarkable variations. It will be sufficient to point out 
that one cubic metre of water from the undermentioned localities contains the foUowinf 
quantity in grams of solid constitutents : — Gulf of Venice, 10,122 ; Leghorn Harbour 
S4,813 ; Mediterranean, near Cetta, 87,665 ; the Atlantic Ocean from 82,585 to 85,606, fch« 
Pacific Ocean from 85,888 to 84,706. In oloeed seas which *do not communicate, or art 
in very distant communication, with the ocean, the difference is often still greater. That 
4he Caspian Sea contains 6,800 grams ; the Black Sea and Baltic 17,700. Common sail 
forms the chief constituent of the salipe matter of sea or ocean water ; thus in one enbio 
metre of sea water there are 85,000-81,000 grams of common salt, 8,600-6,000 grams ol 
magnesium chloride, 1,800-7,000 grams of magnesium sulphate, 1,600-6,000 grams ol 
oaloium sulphate, and 10-700 grams of potassium chloride. The small amount of orgaald 
matter and of the salts of phosphoric acid in sea water is very remarkable. Sea wal«r 
(the composition of which is partially discussed in Chapter X.) contains, in addition to 
•alts of common occurrence, ascertain and sometimes minute amount of the most varied 
elements, even gold and silver, and as the mass of water of the oceans is so enormous 
these ' traces ' of rare substances amount to large quantities, so that it maybe hoped thai 
in lime methods will be found !to extract even gold from sea water, which by means of Um 
rivers forms a vast reservoir for the niunerous products of the changes UJdng place on 
the earth's surface. The woi^s of English, American, Oerman, Russian, Swedish, and 
«ther navigators and observers prove thai a study of the composition of sea water nol 
only explains much in the history of the earth's life, but also gives the possibility (esp^ 
cially since the researches of (X O. Makaroff of the St. Petersburg Academy) of 6»ing one's 
position in Ibe ocean in Ihe aMenoe of other meansyfor instanoe, in a fc^, or in the dark* 
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vhich it may be freed b; filtration thnrogh charcoal, SAOd, or porous 
{natur&l or artifcinl) Btones, tutd when it possesses a clean fresh taste. 
It depends on the absenoe ol adj taste, decompoaing organic matter, 
on tlie qnantity of air '' and ftttnoapheric gases tti solution, and on the 
presence of mineral substaDces to the amount of about 300 grams per 
ton (or lOOO kilograms per cubic metre, or, wb&t is the same, 300 
milligrams to a kilogram or a litre of water), and of not more than 
100 grams of organic matter.^ Such water is suitable for drinking and 

> The Unts ol wkter Is grutly dspendsnl od Uio qiuntitf Dl diuoltod guM It eoa- 
Uini. Theu guei ue given oS on boiling, uid it ii well known Ihst, STcn when Moled, 
boilsd wttet ha.*, until it bu ftbHibsd gueoni ■abitunFeB Irom the stmoipbare, qnlla k 
diflennt fautc [iDm I»ih Bsl*r caolsiniiig ft K)n«d«nbl« sDioiint o! gsi. Tbf diitolved 
gi«g», aipwiiillT oiji^ni uul CHboato anhjilride. luTe ui impartuit uifluancg on tha 
hnlth. Ths f ollgiriag iDiIaou ii riTj ioatnictire in Hub rcbpeot. Ths OrencUc ixliaiui 
wall >l Psrii, when Gnt opened, aapplied a watei which hid as inJurioBi efleot on man 
■hi) uumiLle. It ippeued that Uub wttot did sol conlftin oirgea, and wai in general 
TBI; poDciD guCB. Ab bodb uitww made to fall In a cascade, by wbieb it atnortwdair, 
it proved quite St lor couBumption. lit long sea Toyagea baBb water ii umelunea not 
Xtlcta at all.or onlj' lakon in a tmill qnantity. becftUM it ipoils by lieeping. and beeoinet 
putrid frani the organio matter it Gontaina undergoing decompo^ion. Freih water may 
be obtained direotly from aea-water by diilillation- The diilillBd wnUr no bngei eontain> 
Ma Balla, and ia thetelaie fit lot conmaption, bnt it ii vttj txteleii and biii the pro- 
pertieaol boiled water. Inordar to render Upalatablecertain aalla, which are UBOally held 
In IrFfh watef, an added to it, uid it is nude to flow in tliin iti-Bama cipoied (o ihs ati 
In order that it may become saturated with the component parts ol lbs abnoaphere— 
that is, absorb gases. 

" Bard wafer ia such ai contalDs much mineral maitur, and especially a 
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p, proyeiit* tegetables boiled in it froo soKenine properly, and 
of iaocusUtiDQ on resieli in which it is boiled, When o[ a high 
is iBJnrlons for drinldcg purposea, which ia evident from the raet 
that in sereral large citiea the death-rale baa been fonnd to dacieaso after iotrodncingB 
aoti wftter in the place at a hard walnr. Pulrid waltr eonlains a conaidBiabto quantity 
of deeompoBing orifanEc iDatl4r, obiefiy vegetable, but in populated districts, efipeciatlyja 

wliich BtAf^uant bog water afid the water of certaia walls in inhabited diatrtcts an par- 
tioDlurly charadaruad. Water of this Idnd is Eepeoially InJorioDs at a period ol epidamio, 
II may be partially purified by being passed through charooal, which retains the pntrid 
•od certain organic anbstances. and also oorlain mineral substances. Tnrbid water nky 
be pnriSed to a certain eiteni by Iho addition ol slum, which aids. aRar standing som* 
time, the formation of a sediment. Condy's fluid (potasaium pennaogaoate) is anoUier 
means ol puiilyiog putrid water. A solution ol this aDbstaooe, even il very dilate, 1b oI 
• ted eobuT ; db adding it to a putrid water, the permangaoale oiidisH knd deatroyB the 
organio matter. Whan added to water in sDch a quantity as to impart to it an aInuHt 
imperceptible rose colour it destroyB mueb of Ibe organic sah«tanoea it contains. It is 
I add aamal] qoantityof Candy's floid to impur* watsrin timessf 

rater of one gram per litre, or I.tMO grams per eubio raetn. of any 
I, renden it nnfil and even injurious lor consumption fay animal^ 
Boic or mineral matter predomiiuilss. Tbe presence ol I pji. tf 
er qoiln salt, and produces Ihirsl iDBt(«4 ol assuaging It. 
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every pnctieal application, but evideatl)' it ia not pure in a c^Sia 
tenia. A clunnicalli/ pum watfr is aecesssry not only for sdentifie 
purposes, aa lui indopendent substance having constant and dnfinitfl 
properties, but alto for many practical purposes — for itiRtanco, in photo* 
gruphy and in the preparation of medicines — because m:a,ny propertiM 
of substances in solution are clianged by the impuritie« of natural 
waters. Water is usually purified by distillation, because the lolid 
Bubstances in solution are not tranifurmecl into vapours in tbl* proooat. 
Such ditliUed water is prepared by chemists and in laboratoriM \)j 
boilin;; water in closed metAlUa boilers or stills, and causing the ateam 
produced to pass into a condenser — that is, through tubes (which should 
be made of tin, or, at all events, tinned, as water and its impuritiea 
do not act on tin) surrounded by cold water, and in which the steam, 
being cooled, condenses into water which ii collected ^ in a receiver. 
By standing exposed to the atmosphere, however, the water in tima 
absorbs air, and dust carried in the air. Nevertheless, in distillation, 
water retains, betides air, a certain quantity of volatile imparitiei 
(especially organic) and the walb of the distillation apparatus are partly 
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corroded by the water, and a portion, although small, of their substance 
renders the water not entirely pure, and a residue is left on evaporation.* 
For certain physical and chemical researches, however, it is necessary 
to have perfectly pure water. To obtain it, a solution of potassium 
permanganate is added to distilled water until the whole is a light rose 
colour By this means the organic matter in the water is destroyed 
(converted into gases or non- volatile substances). An excess of potas- 
sium permanganate does no harm, because in the next distillation it is 
left behind in the distillation apparatus. The second distillation should 
take place in a platinum retort with a platinum receiver. Platinum is 
a metal which is not acted on either by air or water, and therefore 
nothing passes from it into the water. The water obtained in the 
receiver still contains air. It must then be boiled for a long time, and 
afterwards cooled in a vacuum under the receiver of an air pump. Pure 
Tfrater does not leave any residue on evaporation ; does not in the least 
change, however long it be kept ; does not decompose like water only 

retort (fig. 6) heated by a lamp. Fig. 6 iliustrates the main parts of the asnal glasf 
laboratory apparatot ated for distillation. The steam issuing from the retort (on the 




Fio. 6«— DistilUtlon from s glass retort. The neok of tb« retort fits into the loner tuhe of the 
Uebig's condenser. The spso9 between the inner and oa^er tabs of tbe oondeoasr U flllod with 
eoU water, which enters by the tabs g and flows oat at/. 

light-band side) pa8«e8 through a glass tnbe sorrmmded by a larger tube, through which 
a stream of cold water passes, by which the steam is condensed and runs into a receiver 
(on the left-hand side). 

* One of Lavoisier's first memoirs (1770) referred to this question. He inrestigated 
Ihe formation of the earthy residue in the distillation of water in order to prove whether 
ft was possible, as was affirmed, to convert water into earth, and he found that the 
residue was produced by the action of water on the sides of the vessel containing it, and 
not from the water itaell Ho proved this to be the case by direct weighing. 
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onee distilled or impim; •adHdocsBOtgmUitbKiQf gvonlMIni^ 
nor does it change the ooloar of a Ml u tion of potowiia ^tnnmogum^ 
Water, parified as abov« dcMribed, has conitsst fkfftJcQJ ftod 
ckemieal properiiet. For iosUnei^ H k of SMfa vrnter onlj thai oos 
cabic centimetre weighs one grasi aft 4* C — isL H is onlj sMfa pm 
water whose specific gravity eqaals 1 aft 4^ C* Water ia s solid sCafte 



* Taking the gencrmlly-tcc« pleJ ipeeifte gnvily off «ai«r at &• _ 
%\ i? M one~it h— been ihown by vxprnimmA thst thi mw iBf ffmwityol 

l«mpera(an a is as f oUovt : 
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A comparison of all tho data aft 
specific gravity Si with the teoqpaEaftara t (daterauBod bj tha 
nay be expressed (Mendeleeff 1S91) by tha fbnDoIa 
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If the temperaiuie bo determined by the hydrogea thermometer, "whose indicationa 
between 0° and 100 are slightly lower than the mercorial (for exan4>le, about 0*1^ C. al 
90'*), then a slightly smaller sp. gr. will be obtained for a giren t. Thos Chsppois (1899) 
obtained 9U823:i for SO*'. Water at 4^ is taken as the basis for reducing mesanres of 
length to luoaaures of weight and volume. The metric^ dfcimaL rystem of measorea of 
Weights and volurooa is generally employed inscienoa. The starting point of this system 
Is the metre (50*37 inches) divided into decimetres ( oOl metre), centimetres ( ^0 01 metre), 
millimstres (•^O'UOl niotro), and micrometres («> one millionth of a matrs) A cubic 
decimetre is called a litfCt and is used for the measuremeut of Tolnmes. The weight of 
a litre of wa'er at 4° in a vacuum is called a kUogram. One thousandth x>art of a kilo- 
gram of water weighs one gram. It is divided into decigrams, centigrams, and milli- 
grams ( <" 001 gram). An English pound equals 45359 grams. The great advantage ol 
this system is that it is a decimal one, and iliat it is universally adopted in science and ia 
most iiit4'nuitionul roUtions. All the me>*sur«» died %n this wcrk are metrical Hm 
units most oftrm used in science are : — OF length, the centimetre ; of weight, the gram; 
of time, the second :*of temperature, the degree Celsius or Centigrade. According to 
the most truHlwurtliy dvienainatious (Kopfor in Russia 1841, and Chaney in Eng^aaA. 
1899), the wfight of a c. dcm. of water at 4^ in vacuo is about 999 9 grma. For ordinary 
psffposes the weight of a o. di<g. aiay ba taken as equal to a kg. Henoa tha litre (d^U» 
■tinad by tha weight of water it holds) it slightly greater than a cubic dacimtira. 
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fofmi crratala of tha hex&gonal sTstom'" which areseen in •now, which 




up uitotiiiniiiM.iad Icclud ipkr.&c.intopieees boonded byliceslDdlDed loucti oUier 
■t ug1« wliicb ar* ditauiU toi «uh lu^iUncs), oo in ineqiuiit; ol ittnctioa (cahciian, 
hddiMH) in diJbnDt dinctiolwjrhHb >nt*n*ot M dtSait* uiglN tli* d*tMmiii*Uon ot 
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generally consists of star-like clusters of several crystals, and also in 
the half* melted scattered ice floating on rivers in spring time. At 
this time of the year the ice splits up into spars or prisms, bounded bj 
angles proper to substances crystallising in the hexagonal system 

The temperatures at which water passes from one state to another 
are taken as fixed points on the thermometer scale ; namely, the zero 
corresponds with the temperature of melting ice, and the temperature 
of the steam disensraged from water boiling at the normal barometric 
pressure (that is 760 millimetres measured at 0^ at the latitude of 45% 
at the sea level) is taken as 100^ of the Celsius scale. Thus, the fact 
that water liquefies at 0^ and b6ils at 100° is taken as one of its 
properties as a definite chemical compound. The weight of a litre of 
water at 4** is 1,000 grams, at 0** it is 999*8 grams. The weight of a 
litre of ice at 0*^ is less — namely, 917 giams ; the weight of the same 
cubic measure of water vapour at 760 ram. pressure and 100^ is only 
0*60 gram ; the density of the vapour compared with air = 062, and 
compared with hydroj^en = 9. 

These data briefly characterise the physical properties of water at 
a separate substance. Tp this muy be added that water is a mobile 
liquid, colourless, transparent, without taste or smoll, Ac. Its latent 
heat of vaporisation is 534 units, of liquefaction 79 units of heat." 
The large amount of heat stored up in water vapour and also in 

crysiAUrae form therefore affords one of tho most impovtant characteristics for identifTing 
definite chemical compounds. The elements of crysUlIography which comprise a special 
■donee should therefore he f&giiliar to all who desire to work in scientific chemi'try. In 
this work we shall only have occasion to speak of a few crystalline forms, some of which 
are shown in figs. 6 to 12. 

" Of all known liquids, water exhihits the greatest cohetion of particles. Indeed, |l 
ascends to a greater height in capillary tuhes than other liquids ; for instance, two and a 
half times as high as alcohol, nearly three times as high as ether, and to a much greater 
height than oil of vitriol, &;c. In a tuhe one mm. in diameter, water at 0^ ascends 16 8 mm^ 
measuring from the height of the liquid to two-thirds of the height of the meoiscns, and 
at 100° it rises 12*6 mm. The cohesion varies very uniformly with the temperature ; that 
at 50° tho height of tho capillary column equals IS'Qmm.— that is, the mean hetween ihe 
columns at 0^ and 100°. This uniformity is not destroyed even at temperatures aaar 
the freering point, and hence it may he aanumed that at high temperatures cohesioDvVitt 
vary as uniformly as at ordinary temperatures ; that is, the difference between the oolumnt 
at 0° and 100° being 28 ram., tho height of the column at 600° should be 152- (5 « 9rS)m 
12 mm. , or, in other words, at these high temperatures the cohesion between the particlas 
of water would be almost nil. Only certain solutions (sal ammoniac and lithium chlo* 
ride), and those only with a great excess of water, rise higher than pure water ia 
capillary tubes. The groit cohesion of water doubtless determines many of both ilt 
physical and chemical propertied. 

The quantity of heat required to raise the temperature of one part by weight of water 
from 0® to 1°, i.e. by 1° C, is called tho vnit of h^at or calorie; the specific hwt of 
Uquid foaier at 0° is taken ss equal to unity. The variation of this specific heat with a 
rise in temperature is inconsiderable in comparison with the variation exhibited by tha 
tpeeific beats of other liq'oids. Aooording to Ettinger, the specific heat of water at 90* 
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liquid wKt«r (for its speoific heat ia grwter thbn that of other liqaid*) 
renders it ftv&ilAbie io both formt for hentiiig purposes. Ttae chtmicol 
m I'DIS, >1 M' ^ I 030, and at 100° - VI/JS. Tho ipecific humt of utter in gnUei ItUB 
Uut ol u>} oLksT kaowa liquid; (or uwiipls, ths tpscific hail olilcohol U V iA(rK-~ 
i.1. Cho qawtily al bssi which nun St puto ol witai I' niua 100 put* of alcobol 1*. 
The (pwifio 1n>> ol oil ol tmpMitma kl 0° i* 0'41, or eiher OU, ol uotic Kid i>3iT*, <t 
nutcar; QOSa. Hod« wkler u Uis be>l coudeBur or kbuibai ol hat. Vhit propoty 
o5 w^Lflf hoa *a iapnriacl ligniJcuuo ld pnclic« uid in niUiii«. Wftlar pntf anU npid 
«OotiDg or buliiig. u>d tbD* lampn* oold uui hwL The ipecilSa heiU of Id« and 
•qoeoDi npoar u* noob leu Ulw UibI ol wiMt ; tunal}, thai o( ice u OMU. tod 
ol naam »!&. 

With u inonuc in pranm equl (o odb Ktmofrben. ths tomprmaJbilit]' ol nMr 
(•» Note S| i* 0-000047, ol JoatcttJ OOOOODUl, ol ether 00012 al 0°, ol alwhol *i lS° 
frDOOOSt. Tb« ftdditioo ol tv»d* (abtUsoei to mter geoenllj decreawi boUi It* 
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IT by beat (Note 9) aiao 
bM tonnd in olher liqoida. ~' 
Mmpmd vilh other liquidei al I' 
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bj poaeJiaritiee whieh aro 
smperatDxee it lerj ■mall 
11 aliooftt a«TO, Bad at KM" it ia eqaal toOOOOBl 
belov i' it is negative — tt.-wtlet on coolipg then eipende, ud dofli not decfeeae in 
vcjnme. In paiaing into a lolid ititte, Uw ipeciBo giavtlj ol water deeTauea; atO° cm* 
ex. of water weigh! 0-|»aaeT gran, and one cc. ol ice at the euoe tcDiperetDie wcigbi 
tolj 0-vnt gram. The ice fonned, howaror. coatracti on oooting bka the majoiitj ol 
othei enbitanoei. Thu 100 (olomea of iee an prodoced Crom 93 TolameeoF wal-r— Iba* 
1^ irsm Btptndi cfULiiderablT on Freeting. wfaieb fact detorminu a nnmbbr of Batvral 
(henomenB. The faeetiog point of water lalti with an increau in preunre (0007° pa 
fttmrMpbare), beeanie in freeiing water eipandt iThomeon). wbiitt with inbetancea which 
eontnct in soUditying Um malting point neee wilb an increaie in preuute : tboa. panffin 
OBdei one atmoephere melta al 111°, ud ondu IDO aUnosiiherci at 1U° 

VTbea liqii^ water paasee into vapour, the ooheeion of iti partidee mail ba deatrojed, 
u the particlee are lemoted to aach a diitaoee from each other that Ibeii mntaal 
■ttntctioa no longer eihlbila any infloence. Al the eohesion ol aqaeona partidei Tiriea 
M dilfareDl lenpenlDtei, the qnautily ol heat which ii Fipeodcd in oiercomlDg thll 
ooheiion— or the intent htai o/ et-aporafion — will for this reaion idoLe be different tt 
diffiirant tempai^turea. The qoantity of fasat which it coaannied in the tnujEtonnatJon 
of one port by weight of water, bt different teuiperaturea, into vapour wae determined by 
BeguaoJl with ^real accoracy. Hii reaearchea ihowed thai one part by weight ol vilet 
tA 0°, in psuiDg ioM vapoor haviog ■ tanperatore <°, cacinmei fioe fi ^ ffKSt unit* of 
lual. at EO' eaiT. at IWf 68T'0, at 1MI° fifiS'S. and si !ao° e«T E. Bat Ihie quantity 
inelndei alio the qasntity of beat raqeired for heating the water from 0° Io t'~i.e. 
bttldee ib^ latont beat of evaporation, alto that haal vrbich ia Died In heating the wat«r 
In a liquid itate to a lenipeTatiire I". On dedacling tbit amonnl of beat, we obtain the 
Ulmt heal of evaporation of water at eoes at 0°,ST1 at £0°,6St at ia0°,l91 al lW°,and 
only tSS at SDO°, nhicb ihovi that the conTcnion ol water at diJIenoit tempcratnrei into 
T^nnrat ■ cooBlinl tunpctmluie reqnitei very diBerent qnantiliea ol heiL Thii i* 
ftldefly dBpandent on Iha djfferflDce ol the eoheaion ol water at different tempentarei i 
the 1^^^■^^T^"'" ii giMter M low than at high tempenturea. asd Ihoretore at low tam- 
pefBlttm a gnaler i|naatity ol heal [a rtqnired to overcome Lhe cobeeion- On comparing 
Ibeae qnaolitiee of beat, it will be abaeiTad that they decrraH rather aoiloimly/ namely 
their dlAaanee between 0° and 100° ii 73. and between 100" and WV ii 81 isila of heal. 
Prom Ihii we may concloda that thii vanalion will be eppioumalily tha aame lor ht|^ 
temperalnrei alio, and therefore that no beat would l>a reqoiied lor tha converBioo 

Ittuea into vapoor wbihlever be the preaaore (aeo Chip. II. The ebtolote boiling point 
•I ntor. according to Dawai, ia STO", the ctitical preatora IBS atmoapbetcBj. It mail 
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reactions ^hich water undergoes, and by means of wbiob it is formad^ 
are so numerous, and so closely allied to the reactions of many other 

kere be remarked that wm^er, in preeentizig a greater oobeaioD, reqoirea ft larg«r qiuntitiy 
of heat for itt conrerston into Tapoar than other liquida. Thus alcohol oonsomea 908^ 
ether 90, torpentine 70, units of heat in their conversion intQ ympoar 

The whole amount of hoat which is consumed ia the oonVMaion of water into Yaponv 
If not used in overcoming the cohesion — that is, in internal work aoompliahed in tb# 
liquid. A part of this heat is employed in moving the aqueous particles; in lact, 
aqaeoQs vapour at 100° ocoaples a volome 1,663 times greater than that of water (at Um 
Ordinary pressure), conHequently a portion of the heat or work is employed in lifting the 
aqueoas particles, in overcoming pressure, or in external work, which may be nsefuOy 
croi^oyed, and which ra so employed in steam engines. In order to detennino this work» 
let us consider the variation of the maximum pretture or vapour tmtion of 9team aS 
dilTereDt temporatures. The observations of Rejnault in this respect, as on those pre- 
eeding, deserve special altcmtlbn from their comprehensiveness and accuracy. Th» 
pressure or tension ot aqueous vapour s^ various temperatures is given in the adjoining 
lable, and is expressod in millimetres o! the barojietrio column redyced to 0^ 



Temperatnre 


Teos'on 


Tom pern tare 


Tensloa 


-20^ 


0-9 


70° 


88SS 


-10^ 


21 


oo*- 


6264 


0^ 


40 


100° 


7600 


+ 10° 


91 


105° 


9064 


16* 


12-7 


110<» 


1076-4 


ao° 


17-4 


115° 


1209-4 


as*' 


235 


120° 


14918 


80° 


SI5 


150° 


ft6t)l-0 


60° 


920 


200° 


116H90 



The tablo shows the hoilinf; points of water at difTorent pressures. Thus on th* 
tummit of Mont Blanc, whom the avonif^o pressure is al>out 424 mm., water boils ttS 
81*4 \ In a rarefied atmosphere water boilA even At the ordinary temperature, hot in 
evaporating it absorbs heat from the neighbouring partifi, and therefore it becomes cold 
and may even freeze if the pressure dooH not oxc(H.>d 4'G mm., and especially if the vapour 
be rapidly abHorbad as it is fuimod. Oil uf vitriol, which absorlM the aqueous vapour, is 
osei for this purpose. Thu4 ice may l)e obtained artiGcially at the ordinary temperature 
with the aid uf an air-pump. Tliis table of the teiibion of aqueous vapour also showa tbe 
temperature of water contained in a closed boiler if the pressure of tlie 8ti*am formed be 
known. Thua at a prossuro of five atmonpheres (a pn^Rsurc of five times theordiuarj 
etmoBpheric pressure — i.e. 5 x 760 » 8.800 mm.) the tem|)orRture of the water would be 
162^ The taMo also showK tlic pressure produced on a given aurfiice l»y steam on issuing 
from a boiler. Thus Kteani having a tcMniKsrature of 152° exerts a pressure of 617 kiloe 
on a piati^n wUoh^* surface equals 100 bq. era., for the pressure of one atinosphere on one 
sq. cm. equals 1,03.3 kilns, and Hteam at 152' h.i» a pri^sure of five atmospheres. Am 
a column of mercury 1 nun. hi^h exertn a presAurc of 1 85059 grams on a surface off 
1 sq. cm., thcn>fore the pressure of aqueous vapour at 0^ correb}x>ndH with a pressure off 
6"25 grams jier square centimetra The pressures for all temporaturi's may be calculated 
in a similar way, and it will bo found that at 100° it is equal to 1,038-28 grams. This 
means that if a cylinder be taken whoso sectional area equals 1 sq. cm., and if water be 
poured into it and it be closed by a pint^Mi weighing 1.083 grams, then on heating it in a 
Taouum to 100^ no &tcam will be fonned, because tlie steam cannot overcome the pre^ 
sure of the piston ; and if at 100'^ 584 units of heat be tranRmitte<l to each unit of weifi^ 
of water, then the whole of the water will bo converted into vapour having the eaiiM 
lemperaturs ; and so also for every other temperature. The question now arisee» Ta 
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ftttrect w&ter chemically. By weighing & snliirtftnce before and after 
drying, It ii easy to dctennina the tmouot of hygroscopic water from 
the ]osB in weight." Only in thii case the amount of water muit be 

■> In order lo irj vij subsUnDe at ibout I(X>°--thk[ in. at Ihr baill^ poiDt of *Kl«r 
(hygioKopie mlBt paoexiirat thw iBmperstnn) — an (pfsritDi ullod ■ ' AijiB^-orai ' 
ta amplofad. It cdiuIMb oI > doubtr copiaT box: wat^t ii pound [nto Iba *p«a 
betveeD Uie inlsnul ud aiunul buiea, and the oien b Iben bwted mcr a itiive oi b; 
any other neaiii, or «!■■ itaaiD [njiu a boiler ia paaaed between Che walla of the two 
boua. Wfaeo tbevalei' boflfitbc leiaiDiTatDR innde the inner boi><iII be approimulel} 
100° C. Tbi aobataBH M be diiad >■ pUeed inaid* the (mo,and,tbe d<xn ii cloted. 

aqoeoBa npoot by tba ehimnaj on the lop ol the oven. Otlon. bowovor, jMiocilion ii 
«Mii«d BD in BoppCT owaa haa i ei diwetlj war aUnp (Bg. ia|. In tUi cue an; daiired 
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<M)ce distilled or impure ; and it dot-s not give tobbH» of gas on 
aor does it change the colour of a solution of potassiam permaogaziata 
Water, puriBed at above described, bas constant phyticcd and 
chemical properties. For instance, it is of snch water only that one 
cubic centimetre weighs one gram at 4® C. — ie. it is only such part 
water whose specific gravity equals I at 4^ C* Water in a solid state 

* Taking the genorally-itcccpted specific gravity of water at ifa groatett density-^'^ 
a| 4*^ &• one— it hat bifen sliown by experiment that the gpeciflc grmTity of water at diflenol 
l«mperaturt ■ it a« (uUows : 



At 

t> 



16» 

20« 



00tf0«7 


At 


80' 


0WU74 


n 


40O 


099915 


n 


MO 


000827 


n 


100«> 



0W674 
0-9998S 
0-96817 
096869 



A comparifiou of all the data at present known tthowf that the variation of ths 
•pecific gravity St with the tiMnperature i (determined by the merQiiri«i Ihtrmomtttf ) 
may be cxpruDsed (Mtsiidele'eff IB'Jl) by the formula 
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1,001,731 


»0 


«yr.,743 


-29i> 


4 4rf 


1,004.976 


M 


UKH.174 


-4:a 


4 40 


1.011.997 


70 


077.JM« 


-SH9 


4 89 


1,03 /.649 


IN) 


•>i'.:..f.:i7 


-070 


441 


l;086.fi99 


100 


*»:.M .'.«>5 


-71» 


4 42 


1,048,194 


I'iO 


tna.iiu 


'810 


4 4S 


1,060.093 


It'iO 


v<»7.-jr.3 


-V05 


4f»5 


1,102.216 


'100 


M'^J.ITS 


-1.2t» 


+ 73 


1,158.114 



If the tcinpi^r&tuio h'* delermined by thit hydrngi^a thfrmometer, "whose indication* 
bt*tw«H.'n 0^ and 100 are Klightly lowvr than thi> mnr(nri\l (for example, about 0*1^ Cat 
2U ), thon a Ali>;htly Kinallur Kp. gr. will be ohtaine<l for a given t. Thu« Chappuis ( 1899) 
obtained OOi'H'iin for 2U\ \Vat4>r at 4^' in taknn ad tlie banit for redacing measures of 
l(>ngLh t<i lucanuresi of wftight and TolanM). The tnetrii\ dvciwal, tystem of measures of 
Wi'Ightfi a:ul vuIiiiiica in goiifirally vniployod in science. The starting pointof this sjsteni 
in tho mt'ln* (SU*?? inch«:Hj divided into decimetres ( "-O'l metre), centimetres ( sOOlBtotrc), 
milliuietrcti (-Ouol nu'lTe), and mioromeLres («> one milliuuth of a metre) A cubie 
dcoinielru it* called a litre, aud is used for the meaaurumeut uf volumes. The weight of 
a litrt' of wa'er at 4*^ in a vacuum is called a kdograin. One thousandth palt of a kilo- 
gram of wat««r wt i^^'hs on** gram. It itt divid«?d into decigrams, centigrams, and milli* 
gramft ( - 001 gram). An Engnsh pound equals 453-ri9 grams. The great advantag* ol 
this sytttem i^ tliat it is a decimal one, and iliat it is universally adopted in science and ia 
mot>t intern:itional relations. All the me .surea cittd tit this wtrk are metrical. Tkt^ 
emits mont oft^n used in science are : — Of length, the centimetre ; of weight, the grun; 
of time, the seci)nd;-of tempersture. the de'.:ree Celsius or Centigrade. According to 
tho most trustworthy deierminatioua (Knpftr in RuAwia IHil, and Chaney in EoglanA 
1802), the weight of a c. dcm. of water at 4** in vacuo ia about 099 9 grms. For ordinary 
purposes tho weight of a c dcg. may be taken as equal to a kg. Ueooe th» Utr* (dgtit^ 
mined by the weight of water it holdit) is slightly greater than a cubic decimctr«i 
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like tbe receiver of an air pump, vhonlct t>e hernieticBlI; closed. la 
(bU case desiccattoD takes place ; beraase satpharic afid, for inatanc^ 
first dries the t.ir in the bell jar by abEorbing its moisture, tbenibitance 
to be dried then parts with its moiatnre to the dry air, from which it ia 
•gain absorbed by the sulphuric acid, 4e. Desiccafion prtweeds Still 
belter under the receiver of an air pump, for then the aijueoua vapour 
is formed more quickly thtin in a bell jar full of air. 

From what has been said above, it is evident that the tratisferonc6 
of moisture to gases and the absorption of hygroscopic moisture pretenl 
gre«t resemblance to, but ttill are not, chemical combinations with 
water. Water, when combined as hygroscopic water, does not lose its 
properties and does not form new substances." 

The attraction of water for eubfttaDces which dissolve in it it of ft 
different character. In the solution of substances in water th*re pro- 
ceeds a peculiar kind of indefinite combination ; a new homogeneou* 
substanL-e is formed from the two substiincos tnken. But here also the 
bond connecting the substances is very unstable. Water containing 
different substances in solution boils nt a teniperatur« near to its usual 
boiling point. From the solution of substances which are lighter than 
water itself, there arc obtained solutions of a less density than water — 
as, for example, in the solution of alcohol in water ; whilst a hea%-ier 
substance in dissolving in water gives it a higher specific gravity. 
Thus salt water is heavier than fresh.'* 

We will consider aqtuotit talutiom somewiiat fully, because, among 
other reasons, solutions are constantly being formed on tLe earth and 
in the waters of the earth, in plants and in animals, in cbemicel pro- 
cesses and in the arts, and these solottons play an important part in 
the chemical transforms tiona which arc everywhere taking place, not 

Hnope], iahiadtdoH 
to bs ilriHL Th« proc 
portioa ol Ihe dHlocat 
tbfi AppmrntDe. 

" Chappuis, bowernr. detercdiDed thalinwEllinglgmsof DbimMl«ilh w>l«r7iiml* 
of he«l Are fnolvad, Add on pooriDg uibofi bintphide tmt T gtvn <if rfa^rcdal «■ minh 

1^ alaries. Tliis indii^itea tint in ceipect to avolotioo of hsM nmitUiuing tltnlf 
p»Mnt> • tnntilion lowuds ciothumid conilliiittiotit (t>^^et eioMcg hut In ttieir 

" Suaiigugtis>^|C,H,0,), whaMipMiAoBn,vitf >1 1E° ii IMS. ioat not btcolM 
lighter da Ulb addition of wmtpr (■ lighter •nbatuits. Bp. gt.^Q'9il0t, but beaTiar, » thai 
> iDlutioDof SO puUof iirsUc Kid >nd SO pittB al w(l«i hsas ipei^iiloKnFitTiif 1071, 
and erm ■ •oIdUoq of aqoiJ pari* ot sMlie uid ud wM« {M p^) hu ttp. gr.at lOU, 
•hicb u «11l g>HUr (hu thit ol imlic izid itMll. Thit iltowi the high iftaa ol ooo- 
tnutioD ohicli tjkei pUce on lalutioa. In lart, lohtioos sad, in geneisl, liq«ld» <■ 
nbing witb wntar, itcn*Me in •otBia&, 
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tm\f hutmum ^mttr fa ever}«hcra s«t whb, bnt cfaMir baeuM ft mV 

■taiue is nlBtian pnacsto the moaC bvoofsUe eooditiooc for tb6 
ptccea of cli«aui»i cL-tsgta, ^huA iwjaire » nobUitj of pftrta UmI ft 
piMilic duunaien of pa/% In diMolnnj, > K>lid mlj«t*nee ftcquna 
ft nKitiZi'.T r.f pMU. Mid • pa lowi its riftttiett;, and therefore rescUoita 
often tkke pUi» ia mIcumm vitklt do not procwd is the ondiwolTed 
nboTanM*. Further, » nbvuoee. datribatad ift wftier, etidentl; 
btcftk* np-that a, ttMOBei ftior* Skm » gu ftnd fteqnirw » gmter 
BobiZitT of putft. AU tha> cooadMsttDM Nq«ir» Utst la de>cribli|g 




the properties of *ub«tMii:««. pftrticuUr altenljon (hoald be pftid to 
their relation to vatcr 4i a lolvenL 

It is well koown that water dUsolrei nianjr tubttanees. 8ftllt 
•ugar, alcohol, and a number ot other cohstanceft, disul^e in wator ftad 
form bonogeikeoiu liqakU with it. To demooMrate the aolubiJitj of 
gWM in water, • gaa ihoald be taken which bai a high co-efficieflt o( 
•olnbilitj— tor instancy tnmonift. Tbii i« introdnced into a bell jftr 
{or oylindHT, m in fig. 14), vhidi 1* praviootl; filled «ith mtn»fj 
•nd Mud* la ft mreiirj hatlb If wftter be then Intn^aced into tb« 
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cyiinder, the mercury will rise, owing to the water dissolving (he 
aniiiioaia gas. It thp column of mercury be less than the barometrio 
column, and if there be suflicient water to dissolve the gn.s, all the 
ammonia will bo absorbed by the water. The water is introduced into 
the cylinder by a glass pipette, with a bent end. The bent end is put 
inMi water, and the air is sucked out from the upper end. When full 
of water, ita oppcr end ia closed with the finger, and the bent end 
placed in the TOercnry bath under the orifice of the cylinder. On 
blowing into the pipett« the water will rise to the surface of the 
mercury in the cylinder owing to its lightness. The solubility of a ga3 
like ammonia may be demonstrated by taking a flask full of the gas, 
ftnd closed by a cork with a tube passing through it. On placing the 
tube under water, the water will rise into the Bask {this may be 
Decelerated by previoosly warming the Qask). and begin to play like a 
fountain inside it. Both the rising of the mercury and the fountain 
dearly show the considerable afhnity of water for ammouia gas, and 
the force acting in this diseolation is rendered evident. A certain 
period of time ia retjuired both for the homi^eneoas int«rraii(ture of 
gases (difTusion) and the process of solution, which depends, notonly on 
the surface of the participating substances, but also on their nature. 
This is seen from experiment. Solutions of different substances 
heavier than water, aach as salt or nugar, are poured into tall jsia. 
Pure water is then very carefully poured into these jars (through a 
funnel) on to the top of the solutions, so as not to disturb the lower 
stratum, and the jars are then- left undisturbed. The line of <!emarca- 
tion between the solution and the pure walet will be visible, owing to 
their diOerent co-efScients of refraction. Notwithstanding that the 
solutions taken are heavier than water, after some time cDmplet« 
intermixture will ensue. Gay Lussoo convinced himself of this fnct by 
this particular experiment, wiiich he conducted in the cellars under the 
Paris Astronomical Ohservatory. These cellars are well known as the 
locality where numerous interesting researches have been conducted, 
because, owing to their depth under ground, they have a. uniform tem- 
perature during the whole year; the temperature does not chang* 
during the day, and this was indispensable for the experimeiits on the 
diffusion of solutions, in order that no doubt as to the results shoaM 
arise from a daily change of temperature {the experiment lo-ited several 
months), which would set up currents in the liiiuids and intermix their 
strata. Notwithstanding the uniformity of ihe temperature, the sub- 
stance in solution in time ascended into the waterand distributed itself 
uniformly through it, proving that there exists between waterand » 
f abatanee dissolved in it a particular kind o( aitrmction or atriving for 
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are ablu to mpidly ptas through iDembranea and crystallise, whilst 
subEtances which ditfuse bIqwI; and do not crystallise are colloids, 
that ia, rcBemble glue, and penetrate through a membrane slowly, and 
form jelliea , that is, i>ccur in insoluble forms,'' as will be explained 
in speaking of silica. 
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Hence, if it be desired to inereaso the rate of solotion, reeotina 
must be had to stirring, shaking, or some such mecfatinical motion. 
But if once a nniform solution is formed, it will remain uniform, no 
matter how heavy the dissolved substance is, or how long the solution 
be left at rest, whichifact again shows the presence of a force holding; 
together the particles of the body dissolved and of the solvent ^* 

tolalion of a orytkaUoU or ooUoid, or * miziiire of both, u ponrtd into tha diiljMt^ 
wbioh is thtn pkoed in ft 7«Mel oonUining wat«r, bo that iho bottom of the in«nkbraM( 
it oorered with water. Thtn, after a otrtain ptriod of time, the eryttalloid ptttet throagUi 
Ihe membraoe, 4Shiltt the colloid, if it dote pate through at all, dote so at an ineompavi' 
ably tlower rate. The erystalloid naturally pattet throogh into the water antil the eolntknt' 
attains the same strength on both sides of the membrane. By repladng the ontsid*' 
water with fresh water, a fresh quantity of the crystalloid may be separated from tbti 
dialyMr. While a crystalloid is passing through the membrane, a ooUoid remains abBOsS 
entirely in the dialyser, and therefore a mixed solution of theee two kinds of snbetaaees> 
may be separated from each other by a dialyser. The study of the properties of ool to id% 
and of the phenomena of their passage through membranes, should elocidate m«db. 
respecting the phenomena which are aooomplithed in organism a 

'' The formation of solutions may be considered in two aspects, from a physical aai 
from a chemical point of view, and it is more evident in solutions than in any other 
department of chemistry how closely these provinces of natural science are allied 
together. On the one hand solutions form a particular case of a physioo-m^ohaaiesl 
inter-penetration of homogeneous sabitances, and a juxtaposition of the moleonleeof the 
substance dissolved and of the solrf nt, simil&r to the juxtaposition which is exhibited ia 
homogeneous siibstanoee. From this point of view this diffusion of solutions is ezaelly 
jsimilar to the diffusion of g&ses, with only this difference, that the nature and store of enexfj 
are different in gases from what they are in liquids, and that in liquids there is oonside^ 
able friction, whilst in gases there is comparatively little. The penetration of a diseolvad 
substance into water is likened to evaporation, and solution to the formation of vapovr. 
This resemblance was clearly expressed even by Graham. In recent years the Dntell 
chemist, Van't Hofl, has developed this view of solutions in great detail, having shown 
(in a memoir in the Trantaetiom of ihe Swediih Academy of Science, Part 91, No. 17, 
'Lois de I'tfquih'bre chimique dans I'tftat dilu^, gazeux ou dissous,* 1886), that for diloto 
solutions the amoHe preeture follows the same laws (of Boyle, Mariotte, Ctay'Lnseae, 
and Avogadro-Oerhardt) as for gases. The osmotic pressure of a substance dissolved hs 
water is determined by means of membranes which allow tho passage of water, but noi 
of a substance dissolved in it, through them. This property is found in animal prolo* 
plasmic membranes and in porous substances covered with an amorphous precipitate 
euch as is obtained by the action of copper sulphate on potassium ferrocyanide (PfeflW» 
Traube). If, for instance, a one p.c. solution of sugar be placed in such a vessel, whieb 
is then closed and placed in w&ter, the water passes through the walls of the veeeel and 
increases the pressure by 50 mm. of the barometric column. If the pressure be artiileiallj 
increased inside the vesMl, then the water will be expelled through the walls. De Yriat 
found a convenient means of determining isotonic solutions (those prerenting a sioUlftr 
osmotic pressure) in the cells of plants. For this purpose a portion of the soft {iart of 
the leaves of the Tradescantie discolor, for instance, Ts cut away and moistened with the 
solution of a given salt and of a given strength. If the osmotic pressure of the solotion 
taken be less than that of the sap contained in the cells they will change their form or 
shrink ; if, on the other hand, the osmotic pressure be greater than that of the si^ thoa 
the cells will expand, as can easily be seen under the microscope. By altering tho 
amount of the different salts in solution it is possible to find for each salt the strsngth 
of solution at which the cells begin to swell, and at which they will consequently haw 
•O equal oamotio preseura. As it iacrsaies in proportion to the amoont of a snbstHMa. 
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Iq the oonaider&tion of the procMs of tolatioo, beaidefl the con- 
ception of diSiuioii, another fund&mental conceptioQ u oecmsary — 
^•mdjr, tb«t of the mturation of lotutiont. 

•g ll» onaolio pKMan ol a pna aub- 
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pw 100 puta ol ntc 
it I putaot angora 101' e, il 1 puU > 
witiiiii the limit* dI •ipenmental arroJ 
•elaliona, abaw raj diffarsnt oamolio 
fa eqiul ioIdidm ihow dlHarant leuii 
CBDOtic preinre eqiul p°, tbeo fel f i 
11 increaaea with the temperature io i 

onrreut (for inatanoB. augar. aoetoDet and mac; otber orga&io bodieaj the aubatajioea b« 
lakan in Ihs ratio d( their molKQlu wngbM (ei^reaaed bf Iheit fDnnats, see Cbeptar 
TIL|, then ool Dnlj will the oamotiD pTouotg be equal, but ita nugtulade will bo deloi* 
mined bj that tdnaion whioh would be proper to the vapoura ol the gifea anbatauoea 
when (hey would be oonlaioad ia tb* tfm oompiad bj tbe aoIntioD, jait aa the taulan 

misad bj the Uwt of Oa;-LDaa«a. UariotM, aod Aiogadro-Gerhardt. Tboae [onoolM 
(Cliapter TH^ Notei it and 94) bj whicb the gaaeooa atkte of matter ii detaimised, maj 
alao be applied id the preadDb caae. Bo, lor eiample. the oamotie preaBore p^ in oaDtt- 
meCna ol merCTur. ol a ooe per »nt. aoLntioii of togar. ma; be c»]eal«ted aocordiag to On 
formula for gaaue : 

Up - caoo I (STB t ei, 

where U ia the molecDlar weight, a (he weight ia grama ot a cubM eeatuaetra ot Tapooi, 
uid t iti [emperatore. For lagai M • Btl (heoasaa Ita molecDUr ooaiposition ia 
C„H„0,i). The HpwiSo gniitr ol the aolotion of ngai ia 1 OOS, henco the weight ol 
(Dgu- • contained in a 1 per oeot. aolalion - 001008 gram. The obiierTatiaD was made 
U ( ■ 11°. Honra, aoeotdiag to Ihs Igrmola, we find p — Gil oeDtimeliea. And eiperi- 

the aolotiona ol aalta, a^ide, and limilai eDbitaacea, which oondnct an alcctrio ODn-asti 
the calculated preaaora ia uaTuIl; (bat not alwaya in a daftDite or multiple nomber ot 
timet) leu Ihao (he obaerrod bj i timaa. andthiai lor dilate aolntionaol MgSO,iiDaulj 
1, loc C0,° 1, lor KCI, NaCl, EI, ENO, gnal«t than 1, and apptoiimatea to 1, loi 
BaCl,, MgC1„ E,CO,. and other* between S and S. lor HCt, Ei30„ NaNO^ CaN,0„ and 
inrlj J and w 00- It should be ronjarlied that the at ■- ■ 
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memble the geDBraliutioai ot Uiohal aad Kralt 
uitboutioa] relation lonnd by Van'l HoD between the formation ol rap 
tnoiitioa into dilate ■olnliona loinit an important acieDtitic djicoTerjr, 
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Jtirt M moist air may be diluted with »ny desired quantity of dry 
air, BO ftUo an iodefiiiitely lai^ qoantity of a liquid aolvent may be taken, 

ons ol Ihe eitMCoe loincqooQow ot lint raBemWuioi! or OUDDlic predore to gtiMOl 
prnme, which ia th4t tha ooDooDtrttioa ol a imilonii lolatloa Tfthai ui poztB which aav 
hMtad oi cooled. Sorel (isal) ioilsed obHrnd Uwt > boIdUoii ol cnppet inlphtla 
ooatwnlng IT pAxta ol the ult B.t 90° only ooDttiaed It put« ftfter boMinA tha opfMT 
portion ol the lobe to 60° lor a long p«iiod ol (inio. Thii upect ol aolDtiati, viuOh ia 
DOW boiog TtTJ ctrflloUj uid fuUj worked out. may ba caUed tb« phyrical iid«. Its 
Dth« upecl ia pnnly chtmical, lor loliitioa dosa not UkK pUoe b«lirwD any two anb- 

Tapoaiatgu pecmeatei anTDthnr lapooi or gaB,bal«ult which dinol^es in watciiiuf 
not b« in Iho laaat aoloble In alcohol, aad ia qojta iaaolBblfl in menury. in ootividBring 
•oluUona u a inanilablatioD ol chcmic^ IgiM (and ol chemical eoexgj), it mart li« 
MlfDDWledgDd lh»t Ihey an hero daTsloped to ao loebla an eitent that th« defloita 
oompoDsdB (thai is, thou lormed awording to the law ol multiple prDportioni) lomMd 
batwaea water and a aolohla substance diaiociate even at tha ordinuy temperaton, 

dnoti into which it decompoiw* (water and the aqaaona oompaandl occur is ft liquid 
(tote. The ohiel difficulty in the comprehaDtioB ol aolutioni dependa ontbelact tl^ 
tba mwhaiilcal Ibeory □! the itructure ol liquids haa not yet been ao fully daTaloped aa 
tha theory ol gasea, and solntioua are liquida. Tha oonoeption of Bolutionl aa liqvd 
diaaocialad deBnita cbemic&l compQUDds ia baeed oD the foUowing oousidecatlODa : (I) 
that there elitt oertcjo uodoubtodl; definite cbeniical cryatalliacd compoiuidi (loch aa 
BgSO.. H,Oi or NaCl, iU,0; oi Ca(n„flU.,0: lie) whi<ih melt OD a oerluD riae of 
lempeiaturo, and than form true loluliouB ; (S) that melAllic alloys in m isDlteD condition 
■10 real •olutiooi.bDt on cooling thayott^n gire entirely distioet and daflnila orystalliaad 
eompoanda. which are rocogniaed by the propertiM ol alloyi ; {ij that between the aolrent 
and the inbitaaco diuolved there an formed, in a number of oasoa, many undonbtadly 
deflnite Dompooodi, anab aa caaiponiids with water ol cryilallisation ; (t) that tha 
phyiical propartJOB of aolations, and eepecially their ipociflo grsTitiea {a property whiob 
can be very aeourately determined), vary with a change in composition, snd ia eucb a 
nuiaiiec aa would be required hy the lonoation ol one or more definite but disaociatlng 
eompoviidt. Thna, lot eiample, on adding water to lomlag eolphorio und its deiuilj ta 
obaerred to deoraate until it attaina-the deflciUi oompiHltioa H^O,. or B0|* HtO, whaa 
the tpadBo gravity InoreasH, althoogh on further diluting with water it again falla. 
Horwrar (UendeUel), Tha InteiliiratHm of Aquaoui Solulibni from thiir Speetfie 
Oratititi, ISBT), the increaaa in ap«eiSa gravity (iff), tariee in all wall-kaawn lolationa 
with the proportion ol lbs nibataiice disaolved (dp), and thia dependence can beeipreaaod 
by a lontmla {-! - A -•- Bp} between tha limita of definite eomponnda wboaa aiiatena* 
In aolstiona Diuat be admitted, and Uiia ia in eomploto accordance with the diaaooiatloa 
bypothaiii. Thu^ for inslanoe, tnm Bi80, to H^O, + H|0 (both thma substasoM 
aiiit aa dsBnito compounds In a free iUle). Ihe fraction ^' ^ (MlTaS-O-OOOTlD)) [«b«n 
ji ia Ihe percentage amooat ol BiSOi). For alcohol CgElaO, whose aqueona aalatlona 
havebeenmoTsacoumtclyinTcatigatcd than all others, the definite corapouod C,H,0 + 
■H^.andoUwn moat be acknowledged Is its aolDtioni. 

Tba two aapMta of aotatlon above mentioned, and the hypotbewa which hale aa jel 
batn applied to the naminatton ol aolntions, although they have somewhat differeol 
■Uitim pofnta, will donbtleaa in time Isad to a genera] theory of aolutioos, because Iha 
nBa oomntan lawa goren both physical and chomical phenomena, inssmuch as tha 
pnpaitiea and motioDa ol Bwleeules, which determine phyticsl properties, depend <o 
Mm DUtiona and propertiea ol ablins, which determine chemical reactiont. For datafli 
H tha qnaatloDa deling with theories ol K)lolion. recourse mast now be had to apedal 
'niadtowaA*oolb*ontioal(pbya[ea])chDmlBlrji for this aidijsci fomi oiMOf 




ON WATER ANB ITS COMPOVNDS 



67 



ftDd yet a uniform *o]ution will be obtained. But mow than & definite 
quantity of aqueoua rapour cannot be introdDced into a certain volamo 

of air at a certain temperature. The excels above the point of 
•aturation wUI remain in the liquid Btate.»* The relation between 
and Bubstancea diasolved in it is similar Kore than a definite 
quantity of a substance cannot, at a certain temperature, dimolve in a 
given quantity of water ; the eicesa doe* not unite with the water. 
Juat as air or a gas becomes saturated with vapour, bo Srater becomet 
saturated with a eubstanoe dissolved in it. If an dxot&i of a substance 
be added to water which is already saturated with it, it will remain in 
its original state, and will not diCTuse through the water. The quantity 
of a substance (either by volume with gases, or by weight wiUi solids 
and liquids) which is capable of saturating 100 parts of water is called 
the co-ef.e%mt of tolubility or the idubilUy. In 100 grama of water 
■pesuj inbmal •> tlu pieBent epocb ol tlu da'clopmanl ot our Hunoo. Id wotking out 
chiefly the *>ti*'Hii**i tide «f HlatJaiiB, 1 ODOvder it to ba DAcasHkiy to ncoDcLla tfa« two 
•cpaoU ol Uia qiuitum : tlui (eema to ms to tw ^11 ths mon pouible, m (he pbj •!«] sids i* 

" A (jgtcm ot (obomiullT en phjiioilly) r«-uUng mbiluoei in dUTorwit lUtes ot 
■ejTegBtiou— tor inilwu*, Mnia Kbd, othon liquid orgmetn ii tatmcd 4 betaio- 
gencona efglAsi. Up lo dow it ii onlf aritanu of (liii kiod whkli un b« ubjected to 
diluled BiuaiiutioD in tlu hdh of ths mcohuiial thrcrr of iiuU«r. Solalloni (i.i. 
unutonlad <m«) lona fluid bomogensooi i^ bMbu, whicb lA tha pniaot Unia cu oaJf 
be invottigtled with diiBoolt^ 

In thdueolUmiledtolatiaiiot liquid! in liquid!, fAidi^nvnetAoCwMit thetohnt 
dnJ llu ivinlantt dittolvtd i> cleuly •aen. The lonoei (Clut ii. ths HWent) io>r ba 
added in Hi onlunited quantity, uid yet tlM lolation obtauiad will always be nnilorm. 
whiiit only a definite aatarating proportian of tbo aabatajue diaaolved can be takaD, 
We will (like water and oomison (tnlphiuBt ether. On ibaking ths ether with tha 
water, it will be romaiked that a portion of it diHoltei in the water. If tha etbsr ba 
taken la moh a quantity th*l it utDcalea the water and a portion ol it ieiiii.iii9 undia- 
acdred, then Uiia remaining portiou will aot aa a. solvent, and water will diffuoe throogh 
it and alio fens • aatoraled •olation of water in tbo ether taken. Thm two utnnlad 
aotntiDiis vJI be obtauwd. One aolution wDl oontain ether diiaolved in water, and the 
other Klutiim will eontain watar diiaolnd in ethec Tbew two (olationi will arrange 
thonuelv^B in two layers, tc«ordiJig to their denaity ; tba ethereal eolution of water will 
be on the top. It the upper etharnal aolution be poured off from the aquaoiu aolution, 
any qoaotily ol ether may be added to it ; thia ahowi that the diMolTing labatanoe ia 
ether. II water be added to it, it ia no longer dinolved in it; thli ahowi that water 
tatnratoa the ether — bere water it the aubstance dLaaolred. If we act ia the aajn« 
mamec witb the lower layer, «« ahall find that water ia the ulTenl and ether' the mb- 
•tacco diaiolvsd. By taking different amooDta of ether and water, the dagtse ol 
■alabiUty ol ether in. water, and at water in etbei, may be eaaily dabatmiaed. Water 



Jelydiaa 



oitotiu 



Uly dI water. Let ai now linngin' (hat tlie liquid poared in dluolreg a 
usooDt ol water, wd that water diaaolvea a »eii^derabte amoodt ot (ha liqnid. Two 
layen oonid not be formed, becauee the tatorated aolutioni woold reiemhle eaoh olbei, 
tad tberelote they would ietennji in all propartiont. Thii ia. oonwqnently, a mm it 

iiimpoiaible toaay wliatUiewoo-eIEcieBl«ate,beoaQBeiti»impo». 
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«b 1S°, there can be dissolved not more thnn 3S'66 gntma of e 
«dt. Oonsequentl}', its Bolubilit^ Bl 15° is equal to 35*86" It b 
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it to turn attention to tbe txiilenee 0/ the aotut intolubb 
mtbttancM of tuUure, because on them depends the shape of th« 
■ubatuncea of the earth's surface, and of plants and animals. Then 
JB M much water on the earth's aarface, that were the Borface of sub- 
Btanoea formed of solable matters it woald coostantly change, and 

tlu nunbct o( TDlnms* oonplad bf tha gu cod liqnld diHOliing II eu b« «uil; mIco- 
Ulsd, Thii tabs dui >lu ba «uilf remoteil Inm the opptntD*. The lo<r«i pottlaii ol tfait 
tube ■ben lemoied fnun the appuitu It ■hovn to the ngbt of the Ognra. It vill b« ob> 
wrred that ill lowra end I* fomiehad with • male Htew h, BUing in • nat a. The loww 
i ri aoa of the raX a ia <»T««d with India-nbber, ta that on ^rvwliig tip the tnba fU 
IwBi and praaaaa npoo tbeladia-inbbaCiand.thaahaniiatiMllTcloHBtheiihola tuba, lot 
Ita vppei end ia Iniad up- The nut d ia hLmished with anna c f » and in the stand / 
Ibeiaare correaponding spao^ ao^tliat wbeh the BCTewed-ap inlamal tnbe la fixed iolo 
aUnd/. thearmseefiilDtolheaeipaisacnt in/. Thiaenablei theiaternaltube to ba 
fliedonlD thoBtacd/. When the intamaltabeii flied in (he stand, the wide toboiipol 

tube B. or by a key turning the oat aboat the bottom part of /. The labfi t la filled with 
gH and walei aa toUow* ; the lobe ia remoTwI trom th« appantaa, filled with meroiuy, 
and the gan to be eiparinentad on ia pataed into it. Tlie voloma of the ffai ia meaaored, 
e aod preaaim delvrained, and tha tolotna it moid 01 



TMm. 






te [reed tiom air in aolutio 



» preriona] J 1>oilod, ao aa to 
Ibancloaed bjacreiring it dovn on te tbaiodMi.rDbber on Ibe nut 
.the aund /, mennrj andnlar are pound into ilie ioterreningip 
•iterioT tube, wlii^b ia than screwed up and doaed by tho oi 



a tnbe. TlM 

He tube la 



m tnbe a. 



tdb^l 



. ThB intenor tnbe la then a^ 
i«iuD ahat, and the whole ajipantua. '<k \ 
•lolinly aahiiBta the water. Aitei ee 
nung it in tha oat, and the appantua 11 

ag-:-lha( ia, ni 



D cloicd bj turning it in tha 
lakan in order that tha gaa in 
era] abakinga, the tnba a la a 

nmeolg. 



a are than made of th« 
varj in the intaiioi tube, and the lerel ol the water in 
it, a^ alao ol tha tetel of tho Aanmrjr asd water in the aHeiior tuba. All tbau data 
■n neoeaaary in order to csJcolaM the ptaaanra nnder which the lolatiouol the gaa takaa 
place, and what Tolume of gaa fenuina nndiiaoliad, and also the quautilj of watar whieli 
aenea aa the aolienl. By laiying the lempoaMte ol the tonvUDding water, tha aaioiuil 
tJ gaa dii«alTed at Tarioua temperatona maj ba datarminad. fiimaen, Carina, azhd 
Bianj othera determined ttie aolution of nrioDa g»aaa in water, alcohol,. and oarUia 
other liqiuda, b]r meana ol thia apparatna 11 in a detanoination ol thia kind it is found 
ttau n cnbio Mntimetret of water at a preature A diaaoWs m oubie oentimetrea ol a 
fiTen gaa* rneaaqred at 0° and TOO mm-, when tba temperature under which tolntioa 
took place waa f. Iben it followa that at tha tentperaturs ( 1^ ao-t^jxaia o/ialubUilw 
of the ffot in 1 volume ot the liguid wGl be aqua] to - « -j- 

Tbia loHDUlaii nrjilaarlynndaratood (mm thsfact that thaiMi-aFadeBtof aolnbOilf 
ol gueg ia that quantity meaaured at 0° and TSO mm., which ia absorbed at a prAiauM 
td TM mm. by one Tolunia of a-liquid. U n onbio centioetree oF waUr abaorb m vMa 
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v<««t/">"* •• /"-^' -*■ '^ ''-^ '^^ »'■* ^^''•■' / '•' irMm w jtKUi '.CTypui. piAj aa 

Vff m- t', « •/. " •'•■ / iM^>««>>.''t/4 v/ rV imA 7*Aik «^ "T!^ vlUitfll ifclltlfa 91 & lia* WSiL 9^ 

** s •-* ^'^ 'A "t «<*A'^A M'^«>4<i 'A v^A-wftM^ *A vir^^tuu^jtii wiueh art 

/(f />f*f ^A ,#. >»o-.^ >*4Aa A.'r.A-^K). ft*tcf*riff i« ^ftftuiijf ToIttUU At tbs ordiaary 
^•«r#'«. '***' •' *■'. t'**^fH *^,*t,.t.0 u.AJ it »#i<1 "yUtw gMtUU >r% mAnhit in wuter, alcohol, 
/^ «<«».i^# • ».,:•«# ii'|-r.4* Ifvwfc f'f, HtAf* 'Iff Uffih* wAnitfAiMf ft« it diMolTCS other mrtala 
ttH 'tt «.«h^# »-4f.^. M,A#^ n.**, tf.*t,j 0hi0tA/ui*^tim ff/tind in natim which are to rtrj 
lHt0t'**f »*,i^i,f- t*f -m»*'t. •».<»* fft 'tt'l,f,»ff iffiu\t*Jt i)*tfj ttAj \im oMiaidered aa idtolobla 
fl'ff f>#««#>f*l'^, httft-iffi »-ti|>»iAU; IT'^ Mf* *^/t*tpftiiimini*/nfA that g«nenJ plan aoootdisg to 
i»)tl^9f • hhrnttpM h$ mimi*, «rf »*flr«U#»A^« I t^ftH\AH»J\ ttf 4fM/iIvedf tolidf Uquid, or gaaeoua) 
|a|i«i4 |ilM«>ik, ti )• -"•*# lNitf'>»i*«ii i/#fM«lr» a 4i«tif»/tf'/n at this boondary line (on approach- 
Ihfl #*»'* '•' i^^^*^^*f*\*^^»^^^^^*t, t'll**'!)!^. "* ■''Ifv^^lH f) l«*lw«i«o ao insignificaut amoont attd 
#*#»!, I'hI llt«t |r#*>M'*it Nfi'tli"<U «.f »ft«Mf«.h a«i4 tti« flat* at oar diapoaal at the preaanl 
MfHit »«*,|f |hm» Imm>Ii kMMli «|tifc*tPrfi« (I7 «tu<l)rliiK th« olMtrlcal condoctiritj of dilnt* 
•nlitM'ttiM HN'I M«M #lf.vt.l««|«»»ii*iil fif Htl* r'l ftfgariiNma in them). It mnat be remariiedl, 
liMlftM, MiH» i»hI*>» In h fiMMiliftr «'f i>aM»« thmm h(it illMolva a tubatanoe aa toch, bvl aolt 
lift II uNaHilHiillr •»•'! f**»HtN a Mftwlila auUianA*. Thua flaaa and manj rooka, eapeoiaUy 
i\ UkiHi aa ^M«4ii», a»« kNiihiIihUIi yhMifed by wMer, bill tie nol diiMily adiihto in it 
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nmind one of ice. Metals, which are not soluble in water, have no 
points in comraon with it, wLilst on the other hand the)) dissoWe eaob 
other in a molten state, foraiiag alloys, jost as oil; substanoes dissoKe 
each other ; for example, tallow is solablein petroleoni and in olive oil, 
although they are all insoluble in water. From this it is evident that 
the analogy 0/ mhatancet forming a lolulion plays an important part. 
and as aqueous and all other solutions are liquids, there is good reason 
to believe that in the process of solution solid and gaseous substance* 
change in a physical sense, paseiug into a liquid state. These con- 
eideraticFas elucidate many points of solution — as. for instance, the 
variation of the co-etHcient of solubility with the temperature aud t^o 
evolution or absorption of beitt ia the formation of solutions. 

The EolubiJity — that is, the quantity of a substance necessary for 
saturation — varies mith tht leniperettvre, and, further, with an increase 
in temperature the solability of solid substances generally increases, and 
tlMt of gases decreases ; this might be expected, as solid substances by 
heating, and gases by cooling, approach to a liquid or dissolved state.** 
A graphic method U often employed U) express the variation of solu- 
bility with temperatnre. On the axis of abscisss or on a horiiontal 
line, temperatures are marked out and perpendiculars are raised oorre- 
eponding with each temperature, whose length is determined .by.thQ 
solubility of the salt at that temperature —expressing, for instance, one 
part by weight of a salt in 100 parts of water by one unit of length, 
such as a millimetre. By joining the summits of the perpendiculars, 
a curve is obtained which expresses the degree of solubility at different 
temperatures. For solids, the curve is generally an ascending one — i.e. 
rwedes from the horizontal line with the rise in temperature. These 
curves clearly show by their inclination the degree of rapidity of increase 
in solubility with the temperature. Having determined several points 
of a curve — Chat is, having made a determination of the solubility for 
several temperatures — the solubility at intermediary temperatures may 
be determined from the form of the curve so obtained ; in this way 
the empirical law of solubility may be examined." The results of 

■> Bcilbj (ISSS) fipenmaaUd <m pusffio, uid found thit ons litre of *oUd panSn 
Si U" weighed 8T1 giuna, ud wheD liquid, ^t it* melliDg-poiDt 38°. THS gnunH, it 10', 
T7f gniu, and M 60°, W gnitu. trDm ohifili tba weight <if > litn at liqao£ed.piinfflD 
would b« 7IW-tgn)DI«t 31' if it could nmua liquid &t that Icmpecltare. BT'dinolring 
•olid puaSu is Inbriating oU tt 11° Beilby fooiid ttul TSEB gnat oceopj one csbio 
deoinistte, tnim which be ooncluded llu,l the lolatioa ccmlaioed liquefied r"*"'" 

■* Otj.LoHU wu the finl to htce recoune to >ach ■ gnphic mothod ol eipnujnf 
■olubility, sQd he ec>Dudsr»d, in lecorduce with the goiieiiJ opinion, that bj jciiniiig op 
Uu eommit* of the uidin&t^e in one hbrmooioui citrve ii ii poMible to eipreie the cmtirs 
sbuge of lolDbilit; with the terapeiiiiire. Mow, there mm Diuijr rudqi toi doDbtiBg 
Ike iceiUMy of inch wi ■dmisBion, for tlteis ue ondoobledlf oilinl poioti in cnirei ol 
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raMMch hAve thown that the aolubiUty of oertain 8altt-HM| lor exMDi^ 
oommon table salt — varies comparatively little with the temperatore ; 
whilst for other substances the solubility inc re a se s by equal amoonta 
for equal increments of temperature. Thus, for example, lor the 
saturation of 100 parts of water by potassium chloride there is required 
at 0^ 29-2 parts, at 20^ 34*7, at 40^ 40*2, at 60^", 45*7 ; and so on* 
for every lO"* the solubility increases by 2*70 parts by Weight of the 
salt Therefore the solubility of the potassium diloride in water may be 
expressed by a direct equation : o s 29*2 ^ 0'275(, where a represents the 
solubility at f. For other salts, more complicated equations are required. 
For example, for nitre: 0=13*3+ 0*574<+0*01717<*-«-0*0000036l*, 
which shows that when <aO^ osl3*3, when ts^Kf uas20*8, and when 
Ia.l00<> M»2460. 

Curves of solubility give the means of estimating the amowiU qf 
$aU separated by the cooling to a known extent of a solution saturated 

•olubility (for ex&mple, of •odium tulphftte, m shown further on), and it bdaj be thel 

definite compound* of dissolved subtt&noet with water, in deoompoeing within known 

limits of temperature, give critical points more often than would be imagined ; it maj 

•Ten be, indeed, that instead of a continuous ounre, solubility should be ezpreeeed— if 

not always, then not unirequently^by straight or broken lines. Aooocding to Ditie, th« 

•olubility of sodium nitrate, NaNOj, is expressed by the following figures per 100 parts 

of Water :— 

00 40 IQO 150 81° 99° 860 510 930 

667 710 76-8 806 85-7 02-0 09'4 1186 1961 

In my opinion (1881) these data should be expressed with exactitude by a straight Una, 
67*6 + 0*87^ which entirely agrees with the results of experiment According to thia 
the figure expressing the solubility of salt at 0^ exactly coincides with the composition 
of a definite chemical compound — NaNOs, 7H3O. The experiments made by Ditto 
•howed that all saturated solutions between 0° and — 167° hare such a oomposition, 
and that at the latter temperature the solution completely solidifies into one homo- 
geneous whole. Between 0° and ^i-lS^*? the solution NaNOs7H90 does not depodi 
either salt or ice. Thus the solubility of sodium nitrate is expressed by a broken 
Straight line. In recent times (1888) £tard discorered a similar phenomenon 
in many of the sulphatea Brandos, in 1830, shows a dinunution in solubility 
below 100° for manganese sulphate. The percentage by weight {i.e. per 100 pari* 
of the solution, and not of water) of saturation for ferrous sulphate, FeS04, from 
- 9° to -f 66° - 18-5 + 8784t— that is, the solubility of the salt increases. The solubility 
remains constant from 66° to 98° (according to Brandos the solubility then inoreasee ; 
this divergence of opinion requires proof), and from 08-' to 160° it falls as -104*86- 
0-6686<. Hence, at about -f 166° the solubility should «0, and this has been confirmed 
by experiment. I observe, on my part, that £tard's formula gives 88*1 p.o. of salt al 
050 and 88*8 p.c. at 92°, and this maximum amount of salt in the solution very nearly 
corresponds with the composition FeS04,14H90, which requires 87*6 p.c. From what 
iias been said, it is evident that the data concerning solubility require a new method of 
investigation, which should have in view the entire scale of solubility-^from the form* 
ation of completely solidified solutions (cryohydrates, which we shall speak of presently) 
to the separation of salts from their solutions, if this ^s accomplished at a higher tem* 
perature (for manganese and cadmium sulphates there is an entire separation, according 
Id £tard), or to the formation of a constant solubility (for potassium sulphate the solu* 
bility, according to fitard, remains constant from 1M° to 990° and equals 94*9 p<0.) 
(Boo Chapter XIV., note 60, eolnbility of CaClf.^ 



OS WATER AND ITS COMPOUNDS 

•t ft given tempAmtDre For inatance, it 200 parU of a solution of 
[)ot«ssium chloride in water saturated at a teajp«ratur«of60°be taken, 
Had it be uUced bow much of tba salt will be separated bj> cooling the, 
totution to 0°, if iU solubility at 60''z=457 and at 0''=29*21 Tfa« 
ftnawei* is obtained in the following manner ■ At 60° a saturated 
•olution contains 157 parts of potassium chloride per 100 parts by 
weight of water, consequently 146-7 parts by weight of the soUtion 
contain 457 parts, or, by proportion, 200 parte by weight of the 
solution contain 62-7 parts of the salt. The amount of salt remaining 
tn solution at 0° is calculated as follows : In 200 grams taken there 
will be 137'3 grama of water ; consequently, this amount of water !■ 
capable of holding only 40'1 grams of the salt, and therefore in lower- 
ing the temperature from 60° to 0° there should separate from the 
eolution 62'7—40-l=22-6 grams of the dissolved salt. 

The difference in the eolubility of salts, Ac, with n rise or (all of 
temperature is often taken advantage of, especially in technical work. 
for the separation of salts, in intermixture from each other. Thns a 
mixture of potassium and sodium chlorides (this mixture is met with in 
natnre at Stassfurt} is sefiarated from a saturated solution by subject- 
iDg it alternately to boiling (evaporation) and cooling. The sodium 
chloride separates out in proportion to the amount of water expelled 
from the solution by boiling, and is removed, whilst the potassium 
chloride separates out on cooling, as the solability of this Ealt rapidly 
decreases with a lowering in temperature. Nitre, sugar, and many 
Other soluble substanoea are purified (refined) in a similar manner 

Although in the majority of cases the solubility of solids increaoei 
with the temperature, yet there are some solid substances whoir 
eolnbilities decrease on heating. Glauber's salt, or sodium sulphate^ 
forms a particularly instructive example of the case in question. If 
this salt be taken in. an ignited state (deprived of its water of 
crystallisatioQ), then its Golubility in 100 parts of water varies with the 
temperature in the following manner r at 0°, 5 parts of the salt form a 
•aturated solution , at 20°, 20 parts of the salt, at 33° more than 60 
parts. The solubility, as will he seen, increases with the temperature, 
AS ia the case with nearly all salts ; but starting from 33° it suddenly 
diminishes, and at a temperature of 40°, less than SO parts of the salt 
dissolve, at 60° only 45 parte of the salt, and at 100° about 43 
parts of the salt in 100 parts of water This phenomenon may be 
traced te the following facte ; Firstly, that this salt forma various 
compounds with water, as wilt be afterwards explained ; secondly, 
that at 33° the compound Na,SO, + 10H,O formed from the solution 
Kt lower temperatnrei, melts ; and thirdly, that on avaporstioD ftt » 
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lempertttare above SS^ an anhydnwt nh^ NatBOi MfMiralet out It wiQ 
be teen imA this euunpfe how eomplioaled nrah an 9i;pptatMj ample 
pheoomeiKm aa eolotion reaUy is ; and all dala eoneerniog aolstione 
lead to tbe aame oonelution. This eompleiity beeomea evident in invea- 
tigaiing the heai qf^chUioH, If totntion eonnaled of a physieal change 
ooJy, then in the eolvtion of gasea there wonld be evolved — and in the 
aolnti<m of aolida, there would be abeorbed— jnst'that amovnt n)f heat 
corresponding to the change of state ; bat in reaU^ a laige amount of 
heat is always evolved in eolnttonf depending on the laet that in the 
process of solati<m chemical combination takes place accompanied by 
an evolution of heat. Seventeen grams of ammonia (this weight ooi^ 
responds with its formula NH,X in passing from a gaseooa into a 
liquid state, evolve 4,400 units of heat (li^tent heat) ; that is, tha 
quantity of heat necessary to raise the. temperature of 4,400 grama of 
water 1®. The same quantity of ammonia, in dissolving in an excess 
of water, evolves twice as much heat*name)y 8,800 units — showing 
that the combiiiatioD with water is accompanied by the evolution ol 
4,400 units of heat Further, the chief part of this h^t is sepiirated 
in dissolving in small quantities of water, so that 17 grams of ammoaiai 
in dissolving in 18 grams of water (this weight corresponds with its 
composition H,0), evolve 7,535 units of heat, and therefore the £o^ 
fuation of the solution KH3+H2O evolves 3,135 units of heat beyond 
that due to the change of state. As in the solution of gases, the heat 
of liquefaction (of physical change of state) and of chemical combination 
with water are both poeitive ( + ), therefore in the m>hui(m qf^a$e$ in 
water a heat effect is always observed. This phenomenon ii different in 
the solution of solid substances, because their passage from a solid to a 
liquid state is accompanied by an absorption of heat (negative^ — heat)^ 
whilst their chemical combination with water ii accompanied by an 
evolution of heat ( -h heat) ; consequently, their sum may either be a 
cooling effect, when the positive (chemical) portion of heat ii less than 
the negative (physical), or it may be, on the contrary, a heating effect 
This Lb actually the case. 124 grams of sodium thiosulphate (employed 
in photography) Na2S,0„5H,0 in melting (at 48'') absorbs 9,700 unite 
of heat, but in dissolving in a large quantity of water at the ordinary 
temperature it absorbs 5,700 units of heat, which shows the evolution 
of heat (about + 4,000 units), notwithstanding the cooling eflbet 
observed in the process of solution, in the act of the chemical com- 
bination of the salt with water.^^ But in most cases solid substanoee 

** The latent heat of fosion it detennined at the temperatiire of foiion, whilst eolntioa 
Isket place at the ordinary temperature, and one moit think that at this tempermlars 
Ihslslent heal would be diitesst, jwl ss Ihs Istaol hart irf crapoffstion Tariea vll^ 
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Tn dissolving in water evolve heat, notwithstanding the passage into k) 
liquid state, which indicates so cooaiderable an erolntionof ( + ) heat 

tlu tuopcntun (aee Note 11), Bendea which, in diiiolTing. diilDMgTBtioii ot tha 
pirtiolei of bolb Uh volvvnt hod Ihd aubaUjicfl diivoWed takea pUcd, & pnxWBB whkh ia 
ita mechuiiii^ upecl leHmbtae evipontiOD, sad thenlora most eoiigODig maob hiM- 

sompoud ol (luHlKtan — (1) pnaltieE, the eS«ct of corabinktEon ; (a) negiUve, ths eSeot 
td tfvufgrfljkCA into a liquid ilatc ; and (ft) imgatiTfl. the effect q( djBintegntJon, In tha 
•olation ot » liquid by • liquid the aecond f«ta[ ia tomovfld ; nod theretore, il the be«t 
an^ved la combination ie greator than that abioibed in diaintegration a beating offeot ia 
obaerr^, and in the T«¥anfl caae a cooling effect; and, indeed^enlphnrio acid, alcohol, 
Mid DWDy liquid! sToIvo li«t in diuolring in each other. Bat the Klation of chlontlDno 
in cubon biaolphide- (Buaar and.Binget), or of phenol (or aniline) in iratac (Alei^eff), 
ptodwiel cold. In the tolation oI a email quantity of water in acetic Hcid (AIneheff), or 
hjdiocyanic acid (Bnaij' and Binget), or am^l aleohol {Aleijeff), cold ii prodnud, ahilrt 
io the aolDtion o( theaa snbituicea in an eiceaa of irater heat ii cTolied. 

ThereUtion eiiating between the eolgbililyof Hilid bodies and tha heal and tempera' 
lore of fuiion and Bolaticn baa been studied bj many iDTeiUgatora, and more TKentlj 
(iron) by BehriideT. who atatea that in the ■□tntiou of a aolid body in a aolrent which 
dose not act chemically upon it, a yery umple proce» take! place, which difleri but little 
from the intermixEnre ot two gatei which do not react chemically upon each othef' The 
foUoiriDg relation between the heat of solution Q and the heatol fuaionji may thenlw 
taken : £. - X ^ conatant, where Tg and T are tha absolnte (from ->Ta°) temperalnraa 

inalanoe, in the ease of naphthalene the calculated 
of Holnlioq differ but slightly from each other. 

gathered by Vl. T. Alei^ff (ises-iess); these data are, however, far from being 
(DiBelenI to solTe the man of problenu retpecting thi> subiecL He sbowed that two 
. Uqnidi which diuolTe in each other, inlemui together in all propoitionB at ■ celtaia 
temperature. Thni the aolnbility of phenol, C,H,0, in water, and the coniarse, ia 
limited up to 70°, whilst abore this temperature they intermix in all proportions. Tbii 
Il Heeo from the following figures, where p is the pertwnlsge amount u( phenol and t 
the temperature at which the eotation beoomei turbid — that is, that at which it i* 
ntnrated :— 

ji»T'i3 lo-ao iS'Si as- IB wra «S'7a te-M eiit n-n 
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It ia euetly the same with the eolnb 
molten sulphur. AleiMI discorered * limiUr complete inlarmiiture tor solutiona of 
•eoondary butyl alcohol io water at about 107^: at lower temperaturea the solubility ta 
not only limitad, but betwsan 50° and 70'' it il at its miiumnm, bolb for ■olutiona of Iba 
alcohol in water and far water in the slcohol ; and at a temperature ol G° bdth adatiooi 
•ihiblt a freah change in their icale of aolnbility, so that a solotion ol the alcohol in 
water wbich it saturated between 0° and 10° will become tnrbid when healad to W, 
In the eolDtion ot liquids in liquids, Alaii<eS obsvied a lowering in temperatnn) (an 
abiorpUon of heat] and an absence of change in ipedfic beat (calculated tar the miitsra) 
vinch more frvqnantly than had been done by [ffeTioos obsflrvers. As regards his hjpo- 
tbesii (in the sense ol a meehamoal and not • chemical npresenUlion ol solotions) that 
•nbstancei in solution preserve thair physical state* (as gates, Uqnidi, or solids), it i( 
verj -doobtful, lor it would nocossitate admitting ths presence of ice in water or ita 



nvm what baa been said aboye, it will I 
sloliDB, il is impossible tocalculste the hei 
iH eannot b* separated Ir 
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In the net of Mtmbination with water that it exceeds the ftbaorptimi of 
( — ) heat depcDdent on the passage into a Iir]uid state, Thai, for 
■Dstauce, calciiun chloride, CbC1„ mBgnesium sulphate, UgSO,, and 
utaDy other talts evolve heat in dissolving ; for example, 60 grama 
«f magneaiam eulphat« evolve about 10,000 units of h«at. Ther«for«^ 
•in tlie toliition o/tol'id bodUa either a cooling'^ or a heating" effect is 
[iroduced, according to the difference of the reacting afiiuities. When 
they arc conEidcrable— that is, when water is with difficulty separated 
from the resultant solution, and only with a rise of temperatorv 
(such substances absorb -water t^pour)— then much heat is evolved in 
the process of solution, jost as in many reactions of direct combination, 
and therefore a considerable heating of the solntion is observed. Of 
euch a Itind, for instance, is the solntion of sntphnric acid (oil of vitriol 
B|SO,), and of caustic soda (fJaRO), die, in water.** 

Solntiou is a reversible reaction ; for, if the water be expelled from 
a solntion, the substance originally taken is obtained again. But it 
must be borne in mind that tbe eiputsion of the water takeo for 
solution is not always accomplished with equal facilily, because wat«r 
has different degrees of chemical affinity for the substance dissolved. 
Thus, if a solution of sulphuric acid, which mijtes with water in all 
proportions, be heated, it will be found that very different degree* of 
heat are required to eipel the water. When it is in a large esc«a,. 

" Die coaling ■flscl jiroducod in tho solution of Kilidi (uid (iK in Um npuuion i4 
gwa ud Id o'lipontion) ii ipplied to Ihs frodvetioa of low timpfratiiT—. Ammo- 
nlnm oltlsM is TO-gr ofUn Dfed for thii porpoH ; in diitoliing io nlor il ubiotb* Tf 
unlU ol btat pu Moh pert b; waigbl. Un cTupantiiig Uio lolutioa thiu torotad, Uw 
MUd mU ti iwibtunad, Th< •pplicmtion of tlia m\aat fitciing fiiulura i* Usad as 
(h* •KM priuiipls. BnoT or b»k«n i» fm|D(iDtI; entora ioto ths oompoiitioo d than 
mixhim, sttnmUgs being Uken Vl it> U(«it heit of Iniion in ordoi to obtain Uw 
Iow«atj?oflsib1o (empcntun (wilbont ftlUring tho pfmun or «mplo^g bflsl, sa in oUwr 

b»d to s mixtura of three psiti of mow ind ou p^rl of oDrnmon vit, whiob CKuaes Ihs 
l«np«<Mon W bU Itobi 0° to -Sl° C. PotuilDn thiocTuuto, KCN9, miud vilk 
wtitet (I b; waight ol tba ult) giTei a ilill kiw«' lempcntnta, B j miiing ten psit* d 
nT*lalii>*il Mloiam chtoridf. CiClgSBiO, *itb aeven psiti of mow, tb« t«B>p«»tan 
ms; aran hll from 0' to -BS°. 

' Tba bait whkli is vrolTod in solntion. ot ttta io the dilution of uiIatiBns, a ■btt' 
■omelimH ntiia qh oC in ptMtica. Tbu* canetic loda (NaHO), in dianlTiag or eu ihs 
addition of water to s Strang aoiution of it, evoNea vd mocli beat that it can replaee f oeL 
Ib a etaun boilar, wbicb baa been pterioaal; liealed to tba boiling {»inl. another tioStr 
il plaoad contiuolnjt eaOBtic loda, and the eihsost iteiun ia made to paaa thion^ Ills 
latbei ; the fonnalian of ileam than goal on for a aomcwhal long period of Ilm« wUhool 
aaj other heating- Norton malrn uae of tbja For ainokeleaa (treet LooomottTaa. 

iporstnrea obtainod by roiling monohydiaied mlphnric acid, BtSO^ «l A 

Ih Bubalancea boihg exprcaacd in pcroentagea by freight along tba boti^ 
■MUl aiu. Thi> greileat riu of tampenlue in 149°, It correiponda with the -- ■— - 
•Tolation ol heat Igiren on tha middle cBtre) corrciponding with a dBfinit* 
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hterb giveo off at a teioperature slighttj' above 100°, but if it be in 
but a Gmall proportion there is such an affinity between it (uid tha 
sulphuric acid that at 120°, 150°, 300°, and even at 300% water ia BtUl 
retained b; the sulphuric acid. The bond between the remaining 
qoaotity of water and the sulphuric acid is evidently stroager than the 
bond betveen the sulphuric acid and the excess of water. The force 
Mtting in Botutjona ia conseqneDtlj of different intensity, starting from 
BO feeble an attraction that the properties of water— as, for instance, ita 
power of evaporation — are bat very little chajiged, and ending with 
cases of strong attraction between the water and the substance dis- 
solved in or chemicatlj combined with it. In consideration of the very 
important significance of the phenomena, and of the cases of the 
breaking up of solutions with separation of water or of the subetanee 
dissolved from them, we shall further discuss them separately, after 

t.) of tlifl lalntiaii prDdnogd, Tha 

iIk coTTeapoadairiUi loo TOloniH 

trutiao, KB Also th# great«tt riv) of tfqnpej 
toihydritc, H,90„aH;0 ( = 7S-1 pc, ' 




torn ID othflT aolatioEU, Uthoogh kU Uh phfloomaru (ol contaaoiioii. ev 
riu af tempelUnre) ua varr oomplai ud an dgpsndsDl on mui; ci 
WmH Uiinic, howarer, jadgiiig bom tha abore cusip1aB,Uul aU othar inilaano«BM 
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be dimifushed. Thus many mineral springs are saturated undergroDnd 
with carbonic aahydrideunder the ;^reat pressure of the column of 
vater above tbeni. On comingto the surface, the wal«r of these springs 
boils and foams on giving up the excess of dissolved gfls. Sparkling 
winea and aerated waters are saturated under pressure with the same 
gas. Tbey bold- the gas W long as they are in a well-corked vessel. 
When the cork is removed and the liquid comes in contact with air at 
a lower pressore, part of the gas, unable to remain in solution at a lower 
pressure, is separated as froth with the hisGing soand familiar to all. 
It must be remarked that the law of Henry and Dalton belongs to the 
claas of appnarimaCe lauu, like the lawa of gases (Gay-Lussac's and 
Mftriolte's) and many others— that ia, it eotpresses only a portion of a 
complex pheDoroenon, the limit towards which the pheaomenon aims. 
The matt«r is rendered complicated from the influence of the degree of 
Eolubjlity and of affinity of the dissolved gas for water. Gases which 
are little soluble — for instance, hydrogen, oxygen, and nitrogen ^follow 
the law of Henry and Dalton the most closely. Carbonic anhydride 
exhibits a decided deviation from the law, as is seen from the del«nni- 
nationa of Wroblewski (1882). He showed that at 0" acobic centi- 
metre of water absorbs 1-8 cubic centimetre of the gas under a pressure 
of one atmosphere ; under 10 atmospheres, 16 cubic centimetres (and 
not 18, OB it should be according to the law) ; under 20 atmospheres, 
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l,oiTgen^9.iutnigifini 3,bfdmgeDi4,CATbo]ucfcnbTdnde; 5,f«rl>oalcoiLdG; S,iutroDI 
oxldoi 1, bjdnigBn nliibida; B, salphuroai tnhydride; S, muih gu; 10. unmonin: 11, 
nitric Dxide. The dacrcsAA of lolabilitj viUi a hBC qI terppeF^ture v^ai for diflanal 
gUM ; it i« ^tenter, tbe gnslrt Ike moleculu veigM ot Iba gu. It is ihovii bj; almla- 
Hon th*t Hub decnuc nriH (WinUcii) a< tb« cabe nwl of th« notecnlir weight of iba 
■ eta. This ie secD buni Ibe (oUoitiiig table; 
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^nie decieSH in the cooSoisnt of iburptioa with Ibe lempentim mail be eoa 
-Willi e <liuigB in the phriinl properties ot tb« wat^r. Winjilat (1891) ramukcdei 
nbtion between Ilie intvRUd friction end the coeibDieDt of kbgolptioa lit TuioDi 
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26'6 cubic centimetres (instead of 36), and under 30 atmo8ph^lreB» 33*7 
cubic centimetres.'' However, as the researches of Sechenoff show, 
the absorption of carbonic anhydride within certain limits of change 
of pressure, and at the ordinary temperature, by water— and even by 
•olutions of salts which .are not chemically changed by it, or do not 
form compounds with it — very closely follows the law of Henry and 
JDalton, so that the chemical bond between this gas and water is so 
feeble that the breaking up of the solution with separation of the gaa 
is accomplished by'o decrease of pressure alone.'* The case is different 
if a considerable affinity exists between the dissolved gas and water. 
Then it might even be expected that the gas would not be entirely 
separated from water in a vacuum, as should be the case with gases 
•ooording to the law of Henry and Dalton. Such gases— and, in 
general, all those which are very soluble— exhibit a distinct deviation 
from the law of Henry and Dalton. As examples, ammonia and hydro- 
chloric acid gas may be taken. The former is separated by boiling and 
decrease of pressure, while the latter is not, but they both deviate dis- 
tinctly from the law. 



Presture in mm. 
of uQorcurj 


Ammonia dinolred 

In 100 gmmt o( 

water at 0° 


Hjdroo^loric aold 
■ gaa diafolrod in 100 
gramf of wator at 0^ 


100 

&00 

1,000 

1,600 


Orams 

280 

69-2 

1120 

1656 


Gramt 
66-7 
78-2 
866 



It will bo remarked, for instance, from this table that whilst the 

'1 These figures show that the oo-efficient of solubility decreases with an increaM ol 
t>ressure, notwithstanding that the carbonic anhydride approaches a liquid state. Ai a 
matter of fact, liquefied carbonic anhydride does not intenniz with water, and doe* not 
exhibit a rapid increase in solubility at its temperature of liquefaction. This indieatei^ 
in the fintt place, that solution does not consist in liquefaction, and in the second pljbO» 
that the solubility of a substance is determined by a peculiar attraction of water fdar the 
•ubstance dissolving. Wroblewski even considered it possible to sdnut thai a diMiolTtd 
g^s retains its properties as a gas. This he deduced from experiments, which showed 
that the rate of diffusion of gases in a solvent is, for gases of different densities, inrertelj 
proportional to the square roots of their densities, jnst as the velocities of gaseous mol«* 
coles (see Note 84). Wroblewski showed the affinity of water, H^O, for carbonid 
Anhydride, CO2, from the fact that on expanding moist compressed carbonic anhydride 
(compressed at 0° under a pressure of 10 atmospheres) he obtained (a fall in temperaiiire 
takes place from the expapsion) a very unstable definite crystalline compound, COt -f 8HfO> 

>* As, according to the research^ of Boscoe and his collaborators, ammonia exhiUls 
a considerable deviation at low temperatures from the law of Henry and Dalton, whilll 
at 100° the deviation is small, it would appear that the dissociating influence of tcni* 
perature affects all gaseous solutions^ that is, at high temperatures, the solaiioni of tU 
gases will follow the lav. and at lower tomperatores there will in sU oaaee be a derialte 
Immii 
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prasanre increased 10 times, the solubilttj of ammonia only increased 
t^ times. 

A Dumber of exAuples of such cases of lh6 abaorption of gasea 
faj liquids might be cited which do not iu any way, even approximately, 
agree with the laws of solubility. Thus, for instance, carbonic anhy- 
dride ii absorbed by a aolutioa of cauatic potash in water, (knd if 
Hufficteut caustic potash be present it is not separated from the solution 
by a decrease of pressure. This is a case of more inlimatg chemical 
Gombinaiion. A correlation less completely studied, bat similar and' 
clearly chemical, appears in certain cases of the solution of gases in 
water, and wo almll afterwards find an example of this in the solution 
of bydrogeq iodide ; but we will first stop to consider a remarkable 
application of the kyr of Henry and Dalton'^in thecaseoftbo solution 
of a mixture of two gases, and this we must do all the more because 
the phenomena which, tbero take place cannot be foreseen without a 
cTear theoretical representation of the nature of gases.^* 

*> The nliobelirecn (hs pieuare uid tbe aiQQUalotgai diasolved mi diaoonnd b; 
Hbhtj io 1805, uid ttalton in IS07 luiatiid oal Uis idnpUbilitr of tbi* liw lo cum at 
guaoot miltnrea. introdaoing Iho coaceptioii o[ puli^ pnuurag whiiib i> tbiotutelf 
ncoB«9U7 for ft right comprebvaaian of D&ltaa'«lAW. Tbo conccplion of partial preaiaret 
•uentinllr enten into tbut of Itae diastiaa ol npoori in gUM ((ooLikot« 1) : lot ths 
pnnnra of damp fhir ifi equaJ to thfi <tim uf the pnuurflp of dry air and of thu aquooua 
Vapoor Id it, and it it admitlod a* ■ eorolUr; to Daltos'a Uw Ibil erapontioo in iij 
'Ui takes pitcc u Ls ft Tacoum. b is, howoTer, iuc«MU7 (oiamuk ibU (bo roluma ot 
'ft nuxtora ol tToga»fl(or Taponn) la ob]j approximately equal ta the aom of tbfl volmne* 
of Iti CDDititaenta (tbe aame, catauftllj, also nfvn to thoii preiwaraa)— that ii to asji. ia 
ihliing gaiei a change of lotome ocean, ubicb. altboagh iinal], ia quits appusul whsD 
euof oily mcuored. For inatuice.'iiiiess'BrainitbDwad thiton miudgtirwDsvoJume*. 
ol aulphuroug ujiydrids (SO,) with cftrbonio anhjdrida |at equal preainrea of 760 nun. 
^d equiU temperature b} a decre*B6 of premara of 3*0 milUmetrea of mereary wa4 
obiened. Tbe posaibility of a cheniical aclioa ia limilU' mjiCatBB ■■ oridaot from tlM 
faol thai equal Tolumea of HOlphDrooi uid earbonio 4Dhf dridos ftt - 19° form, aocordinff. 
to Piotot'i reHuchoi in 1S38, a liqaid which ma; be ragarded u an nnitablo chanioal 
Oompoond, or a aolution •imiUt to (bi.t given iibui golpfauroDi iabfdridc and water 
URDblDO to an niiBtftbla chemical iibala. 

**-The ori^ ol tbe kinetic theory o[ gaaea now ganerally acciepted. aeturdios ia 
wbioh they are aDimated by a rapid progeaaiYs molioD, ia vmy andeal (Qeroouilli iDd 
othan In tbe Isit eentur; had ftlready defeloped -■ pimilar i«pr«MDtation), bat it waa 
inly ganerally aocspted alter the mechanical (beor; at biiat hod been estublial^ed, afil 
after the work of Kriioig (18S5), and -especially aftEr <(> Uulhcaiiiticsl tide h»d bees 
noiked out byClsuBinB ud UtzweU. Tbe preianre, elailicity, ^lIueioD, and intomal 
trictiiui of gues, tho lawt of Boyle, Uailotte.aad ol Oay-LniueftDdArogadra-Oiirbardl 
•re not only explained (deduced) by the kiBetis theory of gaiei. but alto eiprcued with 
twrfectenctitoda; thoi, (or example Uie (oagaitDdeof the iotanal ttictiiiaaf diHeraol 
gaaeB vaa loretold with eiaclitade.by Uanell. by applying tho theory ol probahUitie* 
to the impact ol guaooi pftctioteii. Tbe kmetto tlieory of guci mast 'l(ioU[cr4 b» 



omitaiy. Tbe TclCcily of (he piogmeiire notion of tbo piu 
MOtimetro of which weigh* d goma, ii found, according to 
thB«ainieroolo( thaproJiicloI8iiD9di»idadby/,wli«Bp: 
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T!i* taut of partial presnurei is as follows ;— The Solubility of gUW 
in iotermixture with each other doea not depend on the influence of 
the total pressure acting an the mixture, but on the influence of that 
portion of the total pressure*hich is due to the volume o£ each gi'en 
gas in the mixture. Thus, for instance, if oxygen and carbonic 
anhydride were mixed in equal volumes and exerted a pressure of 760 
millinietreB, then water would dissolve so much of each of these gases 
as would be dissolved if each separately exerted a pressure of half an 
atmosphere, and in this cose, at 0° one cubic centimetre of water would 
dissolve 0*02 cubic centimetre of oxygen aud 90 cubic centimetre of 
carbonic anhydride. If the pressure of & gaseous mixture equals A, 
and ia n volumes of the mixture there be a volumes ot a given gas, 
d !• determiocd iipiensd in caattmntrea oCthD mBmiTy column, S the weight of m cnbis 
Mnlimolro of tnercDTj in gnmi {D-LHIiy,;i-Te, cooHqonitly Iha DormKl preHaIB=> 
Ifina gruDM an a k|. cm.), uid 3 the Kcaleulinn oI guTity in oantiDietrea ig-9Wt, 
it (he iM Ui«l ■lid long. W ^ mv^} tX St, Pelsnborg -. in general it raheg with tha 
longitude and ultilode of the lowJily). TberoTore, at 0° Iho volooil^ of hydrogen ii l»a, 
and ol oi;gfln iSI, meliea pi-r second. Thia ii Iha anrage lelocity, and (ucordiDK to 
Uaiwell iBd otbera) ills prabablu that Ih^Telocitieaalicdividni] |)attidea are diaennt; 
that ii, they (Kcur in, ai it ireie. different conditione of tsmpEntnre, which It U verj 
impftrtant to talia intfl conildantioo in inneatigaUog manj phennmena proper ta nwHer. 
Itisarident tTDm theabore detarmiDatiDii of the Telocity of gaua,that different gaaal 
at the same tampcralnro and preunTe ha7« arerago Talcoitiefl, which ar4 inTetaelj pro- 
portional to Uie iqnan root* of thair denutieei thii ii aJBO'ihom by dinuL eipui-* 
DiBit on the Bow ol gaiee through a Bne otiEca. or thiougb a poioui walL Thli dfa- 
timilaT ttlocily of foa tor diHorenl gatcais Ireqnenllj' taken adcanlageol in chemieaj 
reeeaTobee {nee Chap- O. and alwo Chap. VTI.) in order to ioparate two gaaei bavinf 
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r ilvrstopnenl of Uie qneitioni nferring to Iha ■uhjeoli I are toncbol on, 
■ l-wial intaroil far Ibo theory of eolaliona, isnil bo looked lor in eprciid 
' al and pbyai<:al cheuiiBlry- A imoll part at Ibis flobjenl 
le lootaoteE of the following chapter. 
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ON WATBB AND ITS COMPOUNDa 
(ken its solation will prveeed as though this gas ven dissolved under 
.» presEore . That portion of the pressure under influence of 

which the aolation proceeds is termed the ' pulial ' pressure, 

la order to clearlj understand the cause of the law of partial 

preuures, an explanation roust be given of the fundamental properties 
«f gases, Gases are elastic and disperse in all directions. We are 
led from what we know of gases to the assumption that these funda- 
ni(«tal properties of gues are dur- to a rapid progressive motion, ia 
«11 ditwctions, which is proper to their smallest particlns (molecules)." 
These molecules in impinging Against an obstacle produce a pressure^ 
The greater the number of molecules impinging agaiuat on obstacle ia 
ft given time, the greater the pressure. The pressure of a aeparatc gas 
or of a gaseous mixture depends on the sum of the pressures of all the 
molecules, on the number of blovs in a unit of time on a unit of 
aurhce, and on the mass an,d velocity (or the via viea) of the inipingiu j[ 
molecules. The nature of the different molecules is of no account ; 
the obstAele is (u:t«d on hj a pressuro due to the sunroE their via viva. 
But, in a chemical action such as the solution of ^oses, the nature of 
the impinging molecules plajs, on the contrary, the most important 
part. In impinging against a li()uid, a portion of the gaa enters into 
the liquid itself, and is held hy it so long as other gaseous molecules 
impinge against tbe liquid— exert a pressure on iL As regards the 
Bolubility of a given gas, for the number of blows it makes on the 
surface of a liquid, it is immaterial whether other molecules of gases 

*> Altbonsh (he utiuJ motion ol gueouB raoTsculei. Hhioh it ucepled bjr tha 

UkJDC idiuUea ol tl» diaenoct in Uu i«Iiicili«i audoobWdl; belonging to diSennl 
pAdfl which akTB uf di^eront deji9iU«a undor tqual preB»DrQ3. The mulecalai oF k 
t Kght gu mmt mqTS mors npidlj Chio the molocoles o! o honvior g»9 io order to pn>- 
th» Mme Freitore, Lei at teke. theiefore, tno gu«— hydtogea *lld lur; lbs 
u is U-4 liinet lighMi thu th« latter, and heniw the molacules of hjdiogaa mut 
iklmoit four timei mDie qoicklj thui vt (looneueUr S'B.ucoidiog to Ihtformida 
giTaD in ths pnoeding (ootoote). Coauqaenll)', U ■ poiona cjIiDder caoUiDing wr ia 
Introduced into aDalmoaphan ol hjdrogm, IheD ins given tj'metbe Tolume of bydrogsi 
which ■nooeads in flntdring th« cjltndflT will b* greklar thu the volmne o( vi letving 
the orlinder, and tharefoiD the prei*nra ijuido tbe cJ'Uiider will riio imti] Ihe goipioui 
tniitora (of nir uid hrdragen) MUiai id equl deniitj both iniide and onftide tha 
.orUnder. If now tho erparimanl be nwrwd Mid atr inrTODDd tba ojlibder and 
I b^^rogeii be initde thec^lindflr, Ibea more gaa will leave tha cylinder than enlan it, uid 
ibaDce the praunrfl ioHlde tbe cylinder will ba diminiflbed. lii theaa eoniidaiationb we 
likTe repUfed ths idea of the nnmbsi o( molvcoles by ths idos nt voluinei. Ws shall 
learn nibMqnently that aqtal volnmn ot diSenDl g»sa contain an equl number at 
Doleciilaa (the law ol Avogadio-aerbudtl, and theietore inttdad ot spaaking of the 
Dumber ol molsoDlea wa can apeali ot the number of VDlitmaB, II the cylindar be par- 
tially imsieraed in water the riu and fall □( Uie pnniiue eao be obMTf ed dincll;, »a4i 
SiA uperimaaC conieqaontly reoderod Hlt'erideiit 
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tbe ixiQ^erujtif of r*ists xna Iw^ BUlomu iniD a liqiiid Ad aot 
«t res: u. ii iJiiuuri liifT eotsr ic a iiKSimuani line of imiuiin 'viik 
tilt nj.tkTi. ts 11^ til* licmid. and "QarAxTt Taaer nrDw iSbeaai^^m off 
fnuL t'ut siirfuK a: tiif iiqnic jnst likr is Tigmor if the £qidd ba 
vi»lirJit . Iz iL L tLiii: nf "Liixif- ax ^vnaL nxzmber of mnHirnifg jnwfl.t»l» 
is'.: "jecT in*, k liqxnc uiL jcbxy 'Or jag ma K> a ligidd, it ii 
tt^c"i:^f?£. Ii If fc ruK of mrttiitt vquIitcaxiiL. ■&£ ms i£ sv&. l!ba<^ 
f v^ . 'f lilt pr»sf ur: :i* drmTiWTHtt.. liiF sxol wr of SDtuBC&is dBputznf 
fr?iL uif iiijiui ^11 { r.r»ei u» imLber oC xiDMinas "ffiflfTriiig 
bruii izii ^ fresi f-a^t of iD:inIif wsi'LJczat aziSr XbbK pbor 
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Til* r.LKTKcref v^ lit? a^ rf T«.r;-iZ T'rf»s?i»-«« j^r- fir?*£li.r'T 

M cxnh ^rvkz^ itAz. '^'zja. '•yi'i h Tines «£ ccctip viih <iiaAsk 
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ia % ii/^sid sa axxaet wirji xL* aeoospben? vill pn.ve«d snJcr 

# fwtfal prevore of ^Vr x 7e? bus. if tbe atcof^kerlc rr»S3r9 e^sal 

T€0 KM. ; cubilaHj, uadcr a FreBon of ^X-} xcs. of srenrttrr. the 

0pl«tioo d ox79«n vD prxMfi cii^r a panul pivsa-in? o£ abomt 

IW Bm., aarj t&e soliUTa c€ carbonic aciiTdride on-j tr.tier «h* vwy 

i«ll pPMim of 4 c&ux. Aj; kowerer, ih* fclubil.tT of oxjgea ia 

«r ia twice that of zutrogen, the ratio of O to X dissoIr«d in vater 

I bo greater thaa the ratio in air. It is easj to calculate what 

.fiMitilj d each of the gases' will be cootained in vater, and taking 

A»rf»pUsl ease ve will calcolate what qoantity of oxjgeo, nitrogei^ 

mM Mtboaie aahjdride will bo diwilfed from air having the above 

•» 0* aadTeO aa, yii— w l UadvspraniooCTW 
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I etibio Mntinetreof water dissolves 0-0203 cubic oentimetre ot nitrogen 
or uadet tlie partial pressure of 600 mm. it will disaoWo 00203 x ? Jj; 
or 0160 cubic centimetre ; of oxygen 00111 x J Jg, or 0008S cubic cen- 
timetre ; of carbonic anhydride I'Sx ^^or 0'00095 cubiccentimetre : ' 

bence, 100 cubic centimetres of water will coiitftin at 0° oltogetlieF 
3 55 cubic centimetres of atmospheric gases, and 100 volumes of sir 
dissolved in water will contain about 62 p.c. of nitrogea, 34 p.c. of 
oxygen, and 4 p.c. of carbonic anhydride. The water of rivers, wells, 
4c. usually contains more carbocic anhydride. This proceeds from' 
the ovidation of organic substances falling into the water. Tbe amount 
of oxygen, however, dissolved in water appears to be actually about ^ 
the dissolved gases, whilst air contains only i of it by volume. 

According to the lav of partial pressures, whatever gas be dissolved 
in water will be expelled from the solution in An atmosphere of another 
gas. This depends on the fact that gases dissolved in wat«r escaps 
from it in a vacuum, because the pre.°isure is nil. An. atmosphere ot 
Another gas acts like a vscuum on a gas dissolved in water. Separation 
then proceeds, because the molecules of the dissolved gas no longer 
impinge upon thc-iiiiuid, are not dissolved in it, and those provioualjr 
beld in solution leave the liquid in virtue of their elasticity.^ For tb9 

s* Ben two e %Mo t oecni ; efthflr tha ftlmoapbora larrgtindibg lh« BfJaCion uij be 
Ifaailad, 0[ it msj In proportknullj to tuI u to bo n&Iimiled, like llui uiUi'* itmo- 
wgibMn. It a gft«eoai lolution bo broo^t into ui ALtnoiptiPi* of «oplhoT ^aa which is 
hmiltd—lot iuUwiM, M in ft oloMd nnel— Uiaa it portion o( ths gu held In uluLion 
win bo ejpoQed. uid tiiai pus over ioto Iho almuplidrD ButrooQdijif tho Balatii>D, (uid 
will produc* it* pirtiil piHaon. Lul ni unncioe that witer Hturalad with cuboola 
■uh^dride St 0° ftnd nodor Uio ordinuj preHoia i< biooghi into ^n a.Imoiphen ol o gtt 

bonic ubydrido ii introdDnad into t. tbbhI holiiag 10 cs. of luch ■ gu. The aDtiiliaa 
will ooniun 18 ojl at eubanio BahTdrido. Ths cipoliion ol thii gu pcootsili tuUI k 
■tstH of eqnilibriaa U vtived &t. Tha liquid will then oontwo k ceitain luaDont ot 
CKbonio uhjrdride, which i* letunod under Iha ptitiaJ pnnon of that gu which hu 
bosQ cipoUed. If ow, how fauch gid will rflEubi in the lipoid ud how much will pua 
vni inio the lanoundiBg ilmDipbite 7 In oidet to ulio thi> ptolkai, lot ni mppoM 
Ihal « cohic oentiioatTei of odibonio uhydrida ue ntwned io the lolntioa. It ii iTideDl 
that the 4maiuit of oubooto aufajdrida which puHd onr into tb« auirannding ktmo- 
sphcio wiU be IS-c, and the totd Tolume ol gu will bo ID + lB-x oi 3S-« cubic canti- 
Butna. Tha putikl preanue Dlidel wkicti tha cubonii: aohjdndo Si than diuolred will 
ba (aappoaing that tha common praaiure r a mai n a coaataut the whole time) aqo^ t9 
^^', lianoa (h«ta in not in •olBtion 18 an. ol cubo^c aohjdrida (u would be 
Iba CHS wan Uie putial preatnn aijDt] to the almoaphetla pnaaBic). but onlf 
Je""'. whioh ia equal to e, and we themloM obLun the aqnaUon IB Jizf -■, 
&SIWS X - S'flO- Agun. whan the atmoapluni Into which the gueoaa aolution ii ioln» 
bead ia uot only that of another gu but alio onlimiled, then tha ga* diaoked will, M 
gtr^'C oral (niiD (ha aolBlion, ditbiaa Into this sUDoapbaBi mA jiodao* aa iBtaSMIs 
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mmt iy«]Km « gr^ may be entirely czpeUed fran a gaseous soliitioii hf 
Uiiliiu!— St )«*ssu in msnj essfs when it lioes not form puticalBriy 
9Xm\<^ oomp^^unils with walo*. In &ct the snr£soe of the bofling Ikjud 
viU W i\vupit\i br aqneoos vaponr, and therefore all the fiifiuie 
SiTt n.j; or. tht* t::ks u ill be doe to the aqueous vapour. On this aceoont^ 
tbf ^viniiil pTt'ssure of the dxsso1v«^ gas will be veij inconsideraUe^ and* 
ih.* :f O.ti^ s»>:t' ^t\'is^^a wliT o pfis mpartiffit yrcn a mtfutum <m boiling 
thr .\; :.■>.:" .^•^Jr.7."^•:s? {?, At the boilia? pocnt of water the solnbility 
iif f!^-^ ir. v-fiT^r i< Mill st3*!^cient]T ^mat for a considerable qnantitT. 
\\f » c&s tc" lYiv-Air. in solutxm. The cas dissblT^ in the liqinid m 
vam^^i ii««T. iryttber with the aq»eons Taprar : if boiSng: be coih 
ti:!i.>^i fv.r A '.^v^ T -^<*, all the c*» will f.aal> he ap^WLrated.*^ 

l\ :f t> .. ovT :^ft: ;V v^x^-^rpUvMa of ihe panial pmsxu^esef fun 
fcV >^ .'. l>r f. V. •?*.* v.M c^'-i!* T^-^ liie fwvmati.'c^s v^f »>*iii»e&. bat also to all 
pa:*:*> ,f /:: V-. :J t.'TJXi c^f (afea Ksper5^''\T tii3>trpQS asie itsafplK 
<**: ..:.>:.■ -.•? •.•: »>^.<>ry ci jv-scvratTk-** fxc la t}«e£« eu«* ii it coIt the 
\M> r:v .^ *.:-: i.'r. .^■. :::*pe tiy.: arts.** 
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Tha aolaticm of lotiJt, vkilit depending oalj in a small meaiStire od, 
^e pi«s«are under wbicb Eolutiua takes pliice (because solids and 
liquids are almost iscotupreuible), is very clearlj dependent on the 
temperature. In the great mojorit; of cases the solubility of solids in 
I with the temperature ; and further, the rapidity ol 
solution tocreases also. The latter is detenniued by the rapidity of 
diffusiou of the solution formed into the remainder of the water. The 
eolution of & solid in water, although it is as with gases, a physical 
B into a liquid state, is determined, however, by its chemiool 
affinity for water ; this is clearly ahawn from the fact that in solutioff 
there occurs a diminution in volume, a change in the boiling poiut of 

er, a change in the tension of its vapour, in the Freezing point, and 
in many similar properties. If solution were a physical, and not a 
chemical, phenomenon, it would naturally be accompanied by an 
increase and not by a diminution of volume, because generally in 
meltinga solid increases in volume {its density diminishes). Contraction 
is the usual pbenomenou accompanying solution and takes place evea 
in the addition of solutions to water,'* and in the solution of liquids 
in water,*" just aa happens in the combination of substances wiien 

of arbonic Aohj^idfl {□ 
iaajDpl«, lodiam CAtbon 
mariAM of KlobilitT, baC alio ■ dininot devmtioD Irom Ihu Ihv dI Sbotj uid DlIUu ; 
wfailii,OD tbs oUiu hud, thU •ololiotii ol ulMwbich ue not acted od bTCubonia 
■ntaydrida {lot axunplc, the ahlocidea, utr>ti», luid inlphmtci) tbtoth lesi of it, owing (o 
Iha'compatitioD'oIUiaultalnadTdiuoIved, anil [oUdii tba law ot Hi^nty nod Dulton, 
but at Iba aanw lima aboir Dodoabtad aigni ot a cbemical aotiDD betneeu tlie ult, water) 
anil carbonic aohjdiide. Salpbnric aoid (nhoaa co.efliciaDt o[ abaorption ii M tdIl per 
1001, wben diluted vithwatar. absorbs leu and teBscatboniaanhfdride, until tbe bjrilnt* 
H,SOj,HgO (oo-elt. of abaorption theo eqoala OS volt.} ii ronoed: (hen on lurlber 
additioD ot water Uia ■olobililj' agmia riui ootil a ulutlon ol 100 p.e. ot »ater ii 

» Krenian made tbia obterration in tbo taUoving ilmple fonn ; -Ha look t narrair- 
IWdked flaak, wltb ■ mark on the murow part (like that os a litre flask Hbiob ie DHd lor 
accnratelj meaanriD^ llqoidH), poared vater ioto it, ud tban inserted a tumol, having a 
but Inbe Bhicb reached Is the bottcim ol the Saak. Thnnigb tfaii tiuuie) he onsfsUy 
pound ■ lolatioD ot aoj Hit, agd (hariag remomd tbe lanael) allowed the liquid U> 
attain a dsHuite temperature {iu a waltir bath) ; ha Ihan filled Ibe Aatk up to the marie 
with water- Id this maoner two layeii of liquid irera obtaioed, tha beavj aaliae aolotioa 
below and water above. The flaik wni tbea ibakea in order to acrelonte diflnaion, uA 
it waa obwrred thai the volume became l«ia if the lemponlare remained oosatanb. 

' " ' le apeciftc giavitj of the Bolntiona and water bfl 
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^vid^tly nelr mbstimoet are prodnced.^^ The contractioti'whieh takei 
)>koe in Boiution is, however^ very tmaU^ a fapt whidh depends on the 
•mail compresfibility of solids aod liquids, and -on the insignilioanoe of 
the compressing feme acting in solution /* The change of volume which 
takes place in the solution of solids and liquids, or the alteration in 
specific gravity ^ oorreqponding ^rith it, depends on peculiarities of the 
diBolving substances, and of water, and, in the majority of cases, ii not 
proportional to the quantity of the substance diKlolved/^ showing the 

tile solution fonxMd. A maauxnura oontraotion of 4*15 at 0°, 8*78 at 15**, and 8*60 at S0<*, 
itSn» place in tbe aolotion of 46 porta by weight of anhydrooa alcohol in 64 pacta ci 
wal«r. This aignifiaa that if, at 0^, 46 parts by weight of aloohol be taken per 84 parte 
1>y weight of water, then the aom of their separate Tolomos will be 104'18, and after 
mixing their total Tolame'wlll be 100. 

^ Ihis subject will be considered later in this work, and we shall then see that the 
eontnction prodnoed in reactions of eombination (of solids cr Uqoids) is very Tariable 
in its amount, and that there are, although rarely, reactions of oombinaiion in whioh 
eoolraction does not take place, or when an increase of volume is jiroduoed. 

4* The oompressibtlity of solutions of common salt is less, acoording to Chrassi, than 
'that of water. At 18^ the compression of water per million Tolumes ■> 48 rcHM. for a 
ipnesure of one atmosphere ; for a l6 p.o. solution of common salt it is 8S, and for a S4 
px. solution 86 vols. Similar determinations were made by Brown (1887) for saturated 
•ohitions of sal ammoniac (88 vols.)i alum (46 vols.)* common salt (27 vols.), and sodium 
eolphate at + 1°, when the compressibility of water « 47 per million volnmea. Thia 
InvMtigaior also showed that substances which dissolve with an evolution of heat and 
With an iherease in volume (as, for instance, sal ammoniac) are partially separated from 
their saturated sdntions by an increase of pressure (this experiment was particularly 
eonelusivo in the case of sal ammoniac), whilst the solubility of substaiMMS which <iUssolve 
with an absorption of heat or diminution in volume increases, although very slightly* 
with an ineretue of prenure. Sorby observed the same phenomenon with oommon 
nit (1868). 

^ The most trustworthy data relating to the variation of the speciflo gravity of 
aolutions with a change of thoJr composition and temperature, are collected and die- 
enssed in my work cited in footnote 19. The practical (for the amount of a substance ia 
eolution is determined by the aid of tbe specific gravities of solutions, both in works end 
in laboratory practice) and the theoretical (for specjfic gT«,vity can be more aocoratelj 
observed than other properties, and becaupo a variation in speoiflo gravity governs the 
variation of many other properties) interest of this subject, besides tbe strict rules and 
laws to whioh it is liable, make one wish that this province of data oonoeming solntione 
may soon bo enriched by further observations of as accurate a nature as poes^le. Their 
collection does not present any great difficulty, although requiring much time and aiteo* 
tion. Pickering in London and Tourbaba in Kharkoff must bo ranked first among thoes 
who have pursued problems of this nature during recent years. 

** Inasmuch as the degree of change exhibited in many properties on the formation ol 
kolutions is not large, so, owing to the insufficient accuracy of observationa, a prcqiortioi^ 
slity between this change and a change of composition may, in a first rough approzima> 
tion and especially within narroyr limits of change of ooropoaition, easily be ima||ined faS 
6a«es where it does not even ozist. The otmolosion of Midiel and Kraft ia particolai]^ 
instructive in this respect ; in 1864, on the basis of their incomplete tesearchee, ^b&f 
eupposed that the increment of the specific gravity of solutions was proportional to the 
tnorsment of a salt in a given volume of a solution, which is only true for determinaliona 
of specific gravity whieh are exact to the second decimal {daoe-HA aocuracy inivi&eiMS 
even for teehnioiJL determinations. Aoenrate measurements do not confirm a propo^ 
tiansUtyelther fn thia oaee or in many otherewbera a ratio bae been generally aooeplift} 
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cxUlence of a chemical force between the solvent and the tubstsnce 
dissolved which h of the same nature as in all oiher forms of chemical 
reaction.'' 

The feeble development of tlie chemical affinities acting in solution! 
of solids becomes evident from those multifarious methods by which 
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6D FRmCIFLES OF CBBMISTBY 

Mtftr $olu(t4yns are dicomposedf whether thej be saturated or n6t. Oo 
heating i(abflorption of heat)^ on cooling, and by internal forces «loii% 
ftqueouB Bolutions in many cases separate into their oomponents or their 
definite coibpoands with water. The water contained in solutions U 
removed Irom them as vapoar, or, by freezing, in the form of ice/* but 
the tendon of the vapour of water ^^ held in solution is less Uian that of 
water in a free state, and the temperature of the formation of ine from 
solution^ is lower than 0^ Further, both the diminution of vapour ten* 
sion and the lowering of the freezing point proceed, in dilute solutions^ 
almost in proportion to the amount of a substance dissolved.^* Thus, if 

IfiTMiigaion » tmI mMt of f^aieruJ towiirds tho oonttniQ^Qn of » complete thaoiy 
ottolation. 

For my pert, T km of opinion that the stody of the phyiical properties of tolntioas 
(end especially of veak ones) which 6ow obtains, cannot give any fundamental and c<m* 
plete tolntion of the problem whatever (although it ahoold add maoh to both the 
provincet of pliytice and chemistry), bnt that, parallel with it, should be undertaken the 
study of the influonco of temperature, and especially of low temperatures, the application 
lo solutions of the mechanical theory of heat, and the comparative study of the chemioai 
properties of solutions. The beginning of all this is already established, but it Is 
impossible to consider in so short aii exposition of chemistry the .farther e£fortt of thli 
kind which have been made up to the present date. 

^ If solutions ere regarded as being in a state of dissociation (««e footnote 19, p. 64) it 
would be expected that they would contain free molecules of water, which form one of tba 
products of the decomposition of those definite compounds whose formation is the causa 
•of solution. In separating as ice or vapour, water makes, with a solution, a beteroga- 
tieous system (made up of substances in different physical states) similar, for Instanoe^ 
lO the formation of a precipitate or volatile aubstanoe in reactions of doable decern* 
position. • 

«* If the substance dissolved is non-volatile (like salt or sugar), or only eligfatly rda* 
lile, then the whole of the tension of the vapour given off is due to the water, bat if ft 
•olution of a volatile substance — for instancy, a gas or a volatile liquid— evaporates, then 
only a portion of the pressure belongs to the water, and the whole pressare observed 
oopsists of the sum of the pressures of the vapours of the water and of the tobstanoe 
dissolved. The majority of researches bear on the first case, which will be spoken off 
presently, and the observations of D. P. Konovaloff (1881) refer to the second ease. Ha 
showed that in the case of two volatile liquids, mutually soluble in each other, fonning 
two layers of saturated solutions (for example, ether and water, Note dO, p. 07), both solu- 
tions have an equal vapour tension (in the case in point the tension of both is equal la 
4S1 mm. of mercury at 19*8''). Further, he found that for solutions which are formed 
in all proportions, the tension is either greater (solutions of alcohol and water) or Ums 
(solutions of formfo acid) than that which answers to the roetilinear change (proportional 
to Uie composition) from the tension of water to the tension of the substance dissolved ; 
thus, the tension, for example, of a 70 p.c. solution of formic acid is less, at all tempera- 
tores, than the tension of water and of formic' acid itself. In this case the tension of ft 
eolation is never equal to the sum of the tensions of the dissolving liquids, as BegnauH 
ftiready showed when he distinguished this case from that in which a mixture of liqaida^ 
whioh are insoluble in each other, evaporates. From this it is evident that a mutnal 
ftetion occurs in solution, wbicU diminii^es the vapour tensions proper to the individoal 
Mbstances, as would be expected on the supposition of the formation of compooada Itt 
aolutions, because the elasticity thejl always diminishes. 

« This amount is usually expressed by the weight of the subetanca diseohad pm 
lOOparUbjwaightolwftier. Piobably itwooldbabettertoaxpreaaitbythaqaaBtHjot 
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fwr 100 ^ina ot vater there be in aolution 1, fl, 10 grams of eorauoii 
■sit ( t^aCI), thea at 100° the vapour toosioA of the aolution!! decreasea' 
by 4, 21, 43 mm. of tlie barometric column, ftg&inBt 760 mm., or the 
vapour tension of -wattr, whilst the freeibg points are —OSS", —2-91% 
and —6-10' respectively. The above %Qrea*'' are almost proportional 

bjLh* 



uDleculea of w^ 



hIod — lot inituuc, in 

InlioBi bm bMD inteatigiUd by muaj. 
in OensanjIlSfils-iasOJiuidoITammut 



Tb« b«t known nKucbei'in llioucl WUlliui 
b Bnwii (ISaT). There 

: Blugdsn (11SS). BUdgrO (1M1|, ud De Coppal (Iftrl) 
III hind oF Inveiligatica Uksi iti chiet istoreil tiom th* 
1 ujaomu Kilulion*, uid attenrtrda canliaued foe ulo. 
Uoni in tbtIoos Dlber euilf hoien liquidt— tor ioiUnce. beniena, C,H, (melU at (-M°], 
■mtie u:id. C,Il,Ot (Ifl'TG°)i and olhnn. An sapegliUy imparlnint iatereat i« illacbod to 
then cryoKopiQ invntijEatioaB of RaonU in Prance on the depnuiua of the ftvecJog 
point, becinto he took lolutlnDi ot amj vell-knawn cirbon.Hwipainida and discovond 
■ (isiple Talalieii beiwiWD tbe mDtecalu weigbl ol tba >DbiiUBoes ud tbe (eiopentiu* 
ot ccjiUUiHtion ot tbo ulToDt, which enabled Ihii kind ot reBenrcli to be applied to tha 
IfavaBtlgatian o( the nalnro ot gnbituooB, Wo aboil oioet with tbe apphoatioD at tbii 
method latar on (i« utto Chaplor VII.}, and at preient irill cnl; cite the deductiOB 
•irived at (cDtn thSH niDlli, Tbe aolatioa of one-baadndth part ot tbat molecD ar 
fram ireigbt whiob comipoTida with the toimuta of a aubatanco diaaolTed (foi examplo^ 
VlCl-^6ai.C,B,0-U.&i,] in 100 pane ol a solnnl loven tbe tneoog polDlol tt« 
■olottoa in water OIHS", |n benune 0*0°, and in acetic acid 0-SB°, or twioe ai much a« 

tlonal to the amount ol tbe eubilance dlaaiihed, It lollgwa thai thu fall of treexing poiM 
for all othoc BolDlioDB ma; be calculated from thii rule. Bo, lor isiluce, tbe weight 
■ wllh the (orniula ol aeelooo. CjH,0 ia " . . . - - 
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pTOTente anr npid change of tompaiatare. The balb ot a aeait- 
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lotion ; the whole ia then cooled [by imciDnuig tha apparalaa ta 



ot tho (ormation ot ioe, an 



niuatioD maf be anived at. Itia atiQ 



63 TBIKCIFLE8 OF CHEHI8TBT 

to the amounts of salt m solution (1, 5, and 10 per 100 of water). 
Furthermore, it has been shown by experiment that the ratio of the 

btiter to take » large mass of eolotion, and indnoe tbe formation of the first oryttalt by 
dropping a small lamp of ioe into the soUation already partially over-cooled. This onlj 
imperceptibly changes the composition of the solution. The observation shoold be made 
al the point of formation of only a very small amonnt of crystals, as otherwise the 
composition of tbe solution will become altered from their separation. Every prscantion 
most be taken to prevent the access of moisture to the interior of the ^yparatus, which 
might also alter the composition of the solution or properties of the solvent (for instance, 
when using acetic acid). 

With respect to the depression of dilute solutions it is known~(l) That the depressioa 
Inoreases in almost direct proportion to the amount of the substance in solution (always 
per 100 parts of water), for example, for KCl when the solution contains 1 part of sslt 
(per 100 pu-ts of water) the depression aO'45 ', when the solution contains S parts of sail 
•0*00°, with 10 parts of salt =i'i° (S) The greater the moleculai- weight expressed by 
the formula (see Cbapier VII.), and designated by M, the less, under other similar condi- 
lions, wiU be the dopression d, and therefore if the concentration of a solution (tha 
amotant by weight of substance dicsolved per 100 parts of water) be designated by j7, then 

fbe fractipn M- or tbe molecular depression for a given class of substances a ill be a 

P 
eonstant quantity ; for example, in the case of methyl alcohol in water 17*8, for acetona 

about 18'0, for sugar about 16'&. (8) In general the molecular depression for substancea 
whose solutions do not conduct an electric current is about 18*6, while for acids, saltt, 
and such like substances whose solutions do conduct electricity, it is • times greater ; for 
instance, for HCl, KI, HNO3, KHO, &c., about 86 (t is nearly 2), for borax about 66, an^ 
SO on where i varies in the. same manner as it does in the case of the osmotic pressure of 
solutions (Note 10). (4) Different solvents (water, acetic acid, benzene, &c.) have each 
Iheir corresponding constants of molecular depression (which have a certain remote 
eonnection with their molecular weight) ; for example, for acetic acid the molecnlar 
depression is about 89 and not 19 (as it is for water), for benzene 49, for methyl alcohol 
about 17, &c. (5) If the molecular weight M of a substance be unknown, then in the 
ease of non-conductors of electricity or foi* a given group, it may be found by determining 
|he depression, d, for a given concentration, p ; for example, in the case of peroxide of 
hydrogeui which is a non-conductor of electricity, the molecular weight, M, was found to 
be nearly 84, i.e. equal to HjO}. 

Similar results have also been found for the foil in the vapour tension of solutions 
(Note 51), and for the rise of their boiling points (hence these data may also serve for 
determining the molecular weight of a substance in solution, as is shortly described in 
Chapter VII., Note 27''*')' ^^^ ^ these conclusions are also applicable in the case of 
osmotic prci'sure (Note 10), and a variation in the magnitude of i, in passing from sola> 
iions which do not conduct an electric current to those which do conduct electricity is 
everywhere remarked, so it was natural to here seek that causal connection which Arr- 
benius (1688), Ostwald, and others expected to find in the supposition that a portion ol 
Ibe substance of the electrolyte is already decomposed in the very act of solution, into 
its ions (for example, NaCl into Na and CI), or into the atoms of those individual sub- 
stances wliich make their appearance in electrolysis, and in this -way to explain the fact 
that t is greater for those bodies which conduct an electric current. We will not consider 
here this supposition, known as the hypothesis of ' electrolytic dissociation,' not only 
because it wholly belongs to that special branch— physical chemistry, and gives scarcely 
.any help towaids explaining the chemical relations of solutions (particularly their passaipe 
into definite compounds, their reactions, and their very formation), but also because— (1) 
all the above data (for constant depression, osmotic pressure, &c.) only refer to dilnte 
■olutions, and are not applicable to strong solutions ; whilst the chemical interest m 
strong solutions is not less than in dilute solutions, and the transition from the formal 
Into tbe latter is consecutive asd inevitable; (3) because in all homogeneous bodiflf 
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diminution of vapour tension to thorapourteusiort of wfttorat different' 
temperelurta ia a givea«olutioD is an almost constajit quanlitjr," and 
that torcvery {dilutc)»ol«tion the ™tJo between theUiminutjon of vapour 
tension and of the freezing point is also » tolerably constant quantit;." 

((iLhuDgli It msj b« iiKolu^le and not »D tlaatrolyta) t portioa of tbe itcma rnn; b« i 
■nppoMd (Claniiu)) M be ptu'ng fnn obs putiols to wiotheT (Chapter X., HoU £8), 
•nd ■■ it ven diHoci&did, but Ibera uauaNuoniltubeliaciDg tlut loclik pliBournDDoa 
b proper Is the KluliaaiDlslectiDlytnoDly; (S| boaDHiw etUDtial mukaldiBBranta 
i> nbHrred bctweeo Uw Kilabon at «I«iitmljtai ud noD-aiadDctiin. althaugb It mlgbt ba 
fcumi w l llivi wiftild b* •oeotdiog la Antwiu' )i]rpolb«iu ; (4| b«>iua it » moti 
HMaoabl* to mppon Uu (omatioB ol nn, iihib aomplai, bol tu»l&ble ud ohU; diiKi- 
dUdd oompoonds in tta« ut ol •olntioii, thu > daoompoiitiDa. tna putul, of tlia 
nbilaDnt Ulun ; (S) beeunt if Anbeniiu' hj^dthMia be lucepted it beoomsB ii»<ihu7 
toidnlttlH exiatence is •alalioiu of h»ioDi.Ilk9 the atom* C\ or Nn, vitbout uif 
apparent ekpoaditue of tbe enec]^ na cM wy J<n their diiruption, aad il ia thia OMe it 
Mobtupluned abji Qwo -3. it iinot itill clou ftb; lolatiatiBof MgSO, giio i - 1, 
•Itlumgh th« KtlBliaD doea oonduct ta olHlrlc cuitodI ; <6) b«aiue !u dilute tolDtioBa, 
Uia BpprailautiTe proportuulitj betweeo the depreailoD and eauosatraUon mij b« 
noapiiwd. Thile admitting the taiiDatioaoIhjdnta^ with aamosb right aa is admittiog 
(b* telatiOD ol anhrdrou anbataiuBa, and il tbe fomiaUaii of hjdratei ba recoffoiaed it 
Ii auiar Id admit that a portiOB of Iheie hjdntaa la dacompoaed than to ■«capt tlie 
bnaking-np into iona ; (T) bacwue the b«at eondaolan at alootiieitjr are lelutioin like the 
anlphataa in wbich it ia aaoaaaarj to neogiiiM Ih« lOrmatiDD of aaaodated ajatema or 
LTdnlni IB) bMaeae the cante of elaclro-coDdactiTll; oaa be aooaer looked for Id Ihia 
aJSnilr and Ibii Doiiibinati<ni of the GahelascD diaaoWsd witli tlia aolrent. ai it aaen Ima 
the fact, that |D, P. EoDoralolt) neither aniline nor aatic arad alone condocl u eleotris 
oarTeDt> a aolution of aniline in water oondocta it badlj [asd bora the affinity ia very 
•mall], while a aolDtioD d( auilioG in acetio tcidfonni a gojd clectroljrte.in which, wllhant 
doDbl, chemical lorcei are uline. bringing aniline, like anuaonia, into Dombinatioii wilb 
Ibe aeatle and : which ia orident Irocn the reecarchea nude bj Prof. KonoralolT opoa 
mijtiirae (aolatiOBa) ol aailine and otbor amine* ; and, laattr, {») becaoao I, logethei wiih 
manj of the chcmiata ol Uio pieaeot day. cannot regard Ibe bjpothoaia of eleatr<aljtio 
diaB(4iation in the form giren to it np to now hj Artbenllia and Oalwald, aa aiunrering 
to the aam total nf the ebamieal data reapnting aolntiena and dlaaoolalion is KeaeiaL 
Tboi. alUlQIlgh I conaidei il loperBoona to diacaaa farther Un erolution of tbe a1»Ta 
theory ol aololiona, alill I think thai it wonld be moal niolul for aludcnU of cbomiatij to 
conaider alllheaalareteiTinKia thiBanbJMl, whichoanbeloliadiD the ZeiUchn/l fa^ 
pkyt,talu,^lu Chemit, 18S»-Ie91. 

•0 Tbia last, which waa aaUblithed hj Gaj-Ijuaaf, Pienon, and v. Babo, ia oonCnned 
by tbe lateat obaarrationa, and enabtaa aa to elpraaa not only the fall of lenaion (J>-J>7 
ilacU. but iu ratio to the tcoaiDD ol walei (^^^' Il ia to be remarked that in lb* 

•baanee ol any clmnical aelioB, the Ml ol preaanra ia aithai terr anull, ot deea not 
•liat at aQ (note 65). and ia not proportional to the quantity of the aab-tano« added' Aa 
a mle, the tanaiDB la than ec|sal. aococdtn; la Um law i^ DalloD. to Ibe aum of tba 
tanaiona of tbe aubitaDcea taken. Henea liqoida which aie inaalablo in each other (lev 
■UBpU, wtlar and ebloiide ol carbon) pteienl a lenainn «iua] lo the inm of Iheii indi> 
Tidnal tanaiODi, and theieforo each amittaia boilaat a lower temparaliue Ibao Ihemon 
volatile liquid (Uagnna, Regnaolt). 

•< It. lo the eiimple of ooranion aalt, Ibe lall ol lenaion bo diridfd by the tanuoa el 
water, a G^Tiro ia obtained which ia pearly 10& timea Leaa than the rna^Ditade of Ibe fall 
ot teopi'ratun of formation of m. ThM «acTeUtion waa theoretioOly dodneed by Go)^ 
berg.on thebaaiaot tbeappliBaUonotthaiBeohaaieal theoiy of heat, and ia repaatad by 
^uy is**aUca(«d aolaliona. 
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The dimiotition of the yaponr tennon of aolations explains the rte 
in boiling point due to the solution, of solid non-volatile bodies iii 
water. The temperature of a vapour is the same as that of the soln-* 
tion from which it is generated, and therefore it follows that the 
aqueous vapour given off from a solution will be superheated. A 
saturated solution of common sale boils at 103*4®, a solution of 335 
parts of nitre in 100 parts of water at 115*9% and a solution of 325 
parts of potassium chloride in 100 parts of water at 179% if the 
temperature of ebullition be determined by immersing the thermometer 
bulb in the liquid itself. This is another proof of the bond whichi 
exists between water and the substance dissolved. And this bond is: 
seen still more clearly in those cases (for example, in the xolution ol 
nitric or formic acid in water) where the solution boils at a higher; 
temperature than either water or the volatile substance dissolved in it.. 
For this reason tho solutions of certain gases — for instance, hydriodic) 
or hydrochloric acid — boil above 100°. 

The separation of ice from solutions^' explains both the phenome^ 
non, well known to sailors, that the ice formed from salt water give* 
tresh water, and also the fact that by freezing, just as by evaporation, 
a solution is obtained which is richer in salts than before. This iK 
taken advantage of in cold countries for obtaining a liquor from seai 
water, which is then evapori^ted for the extraction of salt, 

On the removal of part of the water from a solution (by evaporation- 
or the separation of ice), a saturated solution should be obtained, and 
then the solid substance dissolved should separate out. Solutions satu- 
rated at a certain temperature should also separate out a corresponding 
portion of the substance dissolved if they be reduced, by cooling,^ to a 
temperature at which the water can no longer hold the former quantity 
of the substance in solution. If this separation, by cooling a saturatedv 

** Fritzsche ahowed that solutions of certain colouring matters yield oolourless Ice, 
which clearly proves the passage of water only into a solid state, without any intermix^ 
lure of ihe substance dissolved, although the possibility of the admixture in certain other 
cases cannot be denied. 

*' As the solubility of certain substances (for example, ooniioe, cerium sulphate, audi 

ethers)*'decroases with a ris<rof temperature (between certain limits^see, for example^ 

note S4), ao these substances do not separate from their saturated solutions on coolingi 

hni on heating. Thus a solution of manganese sulphate, saturated at 70^, becomes cloudy 

on further heating. The point at which a substance separates from its solution with a 

change of temperature gives an easy means of determining the co-efBcient of solubility^ 

IMtd this was taken advantage of by Prof. Alex^efl for determining the solubility of .maiq^ 

substances. The phenomenon and method of observation are here essentially the miimi 

"lein the determination of the temperature of formation of ice. If a solution of a nbi' 

''aoe which separates out on heating be taken (for example, the sulphate of oaleinai 

BUMgloiese), then at a certain fall of temperature ice Will separate out from it, sad at 

Vlilli rite of teiapexatore the salt will seipsrate out From thia example snd firoA 
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Bolntinn or bj evaporaUon, take place elowly, cnjstalg of tlie antwUnco 
dusolved are in many cases formed ; and tliia is the method bj which 
cryatab of soluble silts are Dsuallj obtSiined Certain solids verf 
SMiiy separate out from their Eolutions in perfectly formed crystals, 
which may attain very Urge dimensions. Such are nickel sulphftte, 
klum, sodium carbonate, chrome-alum, copper sulphate, potassium ferri' 
cyanide, and a whole series of other salts. The most remarkable circum- 
stance in this is that many solids in separating out from an aqueoui 
MlutioD retain a portion of water, forming crystallised solid substancet 
which contain water. A portion of the water previously in the solution 
remaina in the separated crystals. The water which is thus retained 
ia called the water of eryilallitaliim. Alun>,copperBulphutc,GlBuber'i 
6n.lt, anil ulignesium sulphato contain such water, but neither mI- 
ammonioc, table salt, nitre, poLtssium chlorate, eilver nitrate, nor 
sugar, contains any water of crystallisation. One and the same 
SDbetaAce may separate out from a solution with or without water 
of crystallisation, according to the temperature at which the Crystals arO' 
formed. Thus common salt in crystolliiing from its solution in water 
at the ordinary or at a higher temperature docs not contain water of 
crystallisalion. But if its separation from the solution takes place 
at a low tempemture, namely below —5*, then the cryetals contain 
88 parts of water in 100 parts. Crystal* of the same substance which 
separate out at difTerent temperatures may contain different amounts 
of water of crystallisation. This proves to us that a solid dissolved in 
water may {>rm various compounds with it, differing in their properties 
ftnd composition, and capable of appearing in a solid separate form like 
many ordinary definite compounds. This is indicated by the numerous 
properties and phenomena connected with salution* , and gives reason 
for thinking that there exist in solutions themselves such compounds of 
the substance diEsolved, and the solvent or compounds similar to them, 
only in a liquid partly decomposed form. Even the cofoiw of mjlutiona 
may often confirm this opinion. Cupper sulphate forms crystals having 
a blue colour and containing water of crystallisation. If the water of 
crystallisation be removed by heating the crystals to redness, a colour- 
leu anhydrous suiistance is obtained (a white powder). Fmm this it 
may be seen that the blue colourbelongs to the compound of the copper 
ealt with water. Solutions of copper sulphate are all blue, and con- 
sequently Ihey contain a compound similar to the compound formed hj 
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the salt with its water of crystallisation. Crystals of Cobalt chloride 
when dissolved in an anhydrous liquid — like alcohol, for instance — give 
a blue solution, but when they are dissolved in water a red solution it 
obtained. Crystals from the aqueous solution, according to Professor 
Potilitzin, contain six times as much water (CoCl2,6H20) for a given 
weight of the salt, as those violet crystals (CoCl|,H20) which are 
formed by the evaporation of an alcoholic solution. 

That -solutions contain particular compounds with water is further 
shown by the phenomena of supersaturated solutions, of so-called cryo- 
hydrates, of solutions of certain acids having constal^t boilii^g points, 
and the properties of compounds containing water of crystallisation 
whose data it is indispensable to keep in view in the consideration ot 
•olations. 

Supersaturated solutions exhibit the following phenomena : — On 
the refrigeration of a saturated solution of certain salts,^ if the liquid 
be brought under certain conditions, the excess of the solid may 
•ometimes remain in solution and not separate out. A great number 
ef substances, and more especially sodium sulphate, Na2S04, or 
Glauber's salt, easily form supersaturated solutions. If boiling watef 
be saturated with this salt, and the solution be poured off from any 
remaining undissolved salt, and, the boiling being still continued, the 
vessel holding the solution be well closed by cotton wool, or by fusing 
up the vessel, or by covering the solution with a layer of oil, then it 
will be found that this saturated solution does not separate out any 
Glauber's salt whatever on cooling down to the ordinary or even to a 
much lower temperature ; although without the above precautions a 
•alt separates out on cooling, in the form of crystals, which contain 
Na38O4l0B[2O— -that is, 180 parts of water for 142 parts of anhydrous 
•alt The supersaturated solution may be moved about or shaken 
inside the vessel holding it, and no crystallisation will take [^lace ; the 
salt remains in the solution in as large an amount as at a higher tempera- 
ture. If the vessel holding the supersaturated solution be opened and 
a crystal of Glauber's salt be thrown in, crystallisation suddenly takes 
place.^^ A considerable rise in temperature is noticed during this 

M Those MiltB which separate oat with water of crTataUiiation and give several 

ayttallohydrates form sapenatorated solations with ths greatest facility, and the phe* 

aomeoon is mach more common than was previoasly imagined. The first data wer« 

|iT6n in the last centory by Loewitz, in St. Petersborg. Nameroos researches hart 

pcbved that snpersatorated solutions do not differ from ordinary solations in any of their 

MMntial properties. The variations in specific gravity, vapoor tension, formation of ioe^ 

"tOn telce place according to the ordinary laws. 

^ Inasmach as air, as has been shown by direct experiment, contains, although la 

ij ■BuJl qvantities, minote crystals of salts, and among them sodium solphate, a& cto 

isf sbosi tii« oiyttaUifation of a tnper-fatoiafted ■oloUon of todiom tolpliate in an opsa 
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nptd Eep4ratioa of ct^bUIb, which U due to the fact that the salt, 
preriouslj in a liquid Etat«, parses into a solid Btate. This be&ra some re- 
semblance to the fact that water may be coated below 0° (even to — 1 0°) 
if it be left at rest, under certain circamstancea, and evolves heat in 
■uddeol; cr^staUising. Although from this point of view there is a 
rSEemblance, yet in reality the phenomonon of supersaturated solutions 
is much more complicated. Thus, on cooling, a saturated solution of 
Glauber's salt deposits crystals containing Na,S0„7H,0,>' or 126 part* 

thhI. but it Iiu no eS«t on Htonitod ututinnj ol outain olh«i ulu ; tor euiaple. had 
*o«tAta. Aivordiaj! lo the obHTr^ioiu o( De Bo[ib4udiui,«0«m«if Hud othori, Ivomor- 
in compoiiUoii) ue ap>ble«l indnciiig 07>UIIiwtioD. Tbni, ■ 
1 o( nickel intpbite sirgUUitH hj conUct with erjreteli of mI- 
{ibaleft d! cthor mcUtfi tfuJogoua to it, mcb tt thoie of nugiudiuit, wbelt, copper, ud 
raugmeu. The cryaUUiutioo of e •apemtonted Klatum, »( up by tbe oonUcI (A 
k mioDte OTiUl, etwte tcom it io njt vitb k definite velocity, miid'it ii •rident IliaS 
the uratalt ai Uiej tona pnipagBt* the CTTitftUiutioa in definite diiectioni. TKis 

BuIsndM Sana*, mnd tbey diipoea thenuelie* in deSoite Bunilu foniu. 

** At ths pri n Dt time & Tiew ii t«7 (ouTfeUr ncoepted, which regudi mpanatiunBed 
idMioBi u bomognwoni sitUnu, wbieb pMi into bttetugniMHi* •jmmt (oonpvMd of 
a liquid ud ■ lolid inbitanca). in all ttupt^t aaclly laHmbling the puuge ol ntar 
cooled bolow ili treuing poiot toto le* sod walar, or the pamge ol eryitali ol rhombia 
nlphnr into tooBDclioic nyilrkb, *ad yl th* mooiHlimc errtl*]* into rhomfaio. Alihongb 
ouiiy phenccieni ol iDpecuttintioii an tbu eleatly andentood, yel the (pan tuieODi foi- 
DHtioo ol the nnilablfl haptk-hTdntad Hit (with TH,0), in the pUca ol the more (Uble 
daca-hydrated gelt (oilh mol. I0H,O), indiutu a pnparty el ■ wlanited Klation of 
(Ddinm (Dlphila wbjch obligee one to sdmlt thel it hu • diCpranl itniotare t»m an 
ordiDuy totiilii>n. SliJierbacheS aiHrta, on the buii ol hi* raMatchn. Out ■ ajliilicni 
ol the deca-hydraM aalt gitee, on anpotation, without th* aid o( heat, the daca-hjilrated 
•elt, Bhilit alter heating aboTe ii3° it lonot a aapeTiatiuated •olotion and the hapla- 
hydrated hIu But in order that thii view ihoold be aceapted, -me leott mnfl be dle- 
COTOIed diilinguiibing lolutioru (wbich am, aceordiiig to thii new, iumeticl tonlaining 
tliehepla-hydntledaattlrcinittu*acantaiDinglbede«-bydrila]>alt. ud all «flort> in thia 
direction (ihe itudy ol the pnipertiea ot Ibe (alDtioni) faa'e giien negalire ntulle. Ai 
anu eryatallokydratea ol lalu (aloma, engar ol laad. calcium chloride) mall itraigbtway 
(iHtboot eepanting ool aoylhingl. wbilil othen (liko Na,80i.lOB^j are biokan np, 
then It Duy be that the latter are only in a itale of eqDitibnmn at a higher teiapaiatorB 
than their melting paiol. It may here beobtirred that intneltingeryatalaot the deoa- 
hydrakd ult, dirrr is (otmed, beaidca the tobd aahydroa* aalt, a tatnrated lolntioD 
(iTing Iha hepta-bydrated ealt, to that tbia paiaage from Iha dea- to the hepta-hydcalad 
•all, and the ccrena. takea place with the lonnation ol the aohydrooa (or, it nay b*. 
aoao-hydrated) tall. 

MonoTei. (iipcHatuialion (Potilittin, 1889) only lakaa plaor with thoae nbataDCM 
which are capable ol giving eeveral modificatioDB orMveral cryitallohydratea, ij. tnper> 
lalualed Klotiona aepaiala OBt.be>idea the liable oomat erratallobydreM, hTdialaa 
ecntaintoi Itai wtUt and alw Ihe anhydloue eall. Thii deglecof aalnnlioa acte Dpm 
Ihe snbaUnce dinoUed in a like manner to beat. Sulphate ol Dicl»l in ■ Klation at 
W to 90° aaparalse oat ihnmbie cryaUli wilh 7H,0. al 30° to 10° cubical eryitali, with 
BHjO, al »° lo Tiy monodiaU cryatale, alw containing OBfi. Cryrtala of Che aam* 
aonpoaiUon aepaisle ont from aupenatnrat^d loioliona ti one Imnperatore 117= to 1»°). 
bnt at diflemt degnei of aatoralion. ai wa> ahown by trcoq de Boiibaudran. Thi 
capuilj to TsltuitarilT eefanU ont sl^faUir hfdiaMd oc aDhydrau aslU b; Hi* ipko- 
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cf water per 142 parts o! anhydrous salt, and not 180 parts of water, 
its in the above-mentioned salt. The crystals containing 7H|0 ara 
distinguished for their instability ; if they stand in contact not onl^' 
with crystals of Na3SO4,10H2O, but with many other substances, they 
immediately become opaque, forming a mixture of anhydrous and deca* 
hydrated salts. It is evident that between water and a soluble sub- 
stance there may be Established different kinds of greater or less stable 
^uilibrium, of which solutions form a particular case.^' 

dneiion of a crystal into the solation is common to all sapcrsatorated solntiona. If *• 
salt forms a supersaturated solution, then one would expect, according to this view, that- 
it should exist in the form of several hydrates or in several modificationa. That 
PoiilUrin concluded that chlorate of strontium, which easily gives supersaturated tola- 
lions, should be capable of forming several hydrates, besides the anhydrous salt known ; 
and he succeeded in discovering the existence of two hydrates, 8r(C103)28H20 and^ 
apparently 8r(C10:j)]AH90. Besides this, three modifications of the common anhydroo* 
salt were obtained, differing from each other in their crystalline form. One modification 
separated out in the form of rhombic octahedra, another in oblique plates, and a third 
in long brittle priRms or plates. Further Yesearches showed that salts which are not 
capable of forming supersaturated solutions such as the bromates of calcium, sttontiam, 
and barium, part with their water of hydration with diffioulty (they crystallise witli 
IH3O), and decompose very slowly, in a vacuum or in dry air. In other words thd 
tension of dissociation is very small in this class of hydrates. As the hydrates charao* 
terised by a small dissociation tension are incapable of giving supersaturated solatiOD% 
(K> conversely supersaturated solutions give hydrates whose tension of dissociation ii 
great (Potilitsin, 1B08). 

^' EmuUion$, like milk, are composed of a solution of glutinous or similar substanoeti 
or of oily liquids suspended in a liquid in the form of drops, which are clearly visibls 
tinder a microscope, and form an example of a mechanical formation which reaemblct 
solution. But the difference from solutions is here evident. There are, however, 
solutions which approach very near to emulsions in the facility with which the sobstanet 
dissolved separates from them. It hos long been known, for example, that a particnlar 
kind of Prussian blue, KFe3(CN)e, dissolves in pure water, but, on the addition of i^ 
smallest quantity of cither of a number of salts, it coagulates and becomes quite i»» 
soluble. If copper sulphide (CuS), cadmium sulphide (CdS), arsenic sulphide (As^S^ 
(the exi>eriments with these substances proceed with great ease, and the solution ob* 
tained is comparatively stable), and many other metallic sulphides, be obtained by a 
method of double decomposition (by precipitating salts of these metals by hydrogen 
sulphide), and be then carefully washed (by allowing the precipitate to settle, pouring off 
the liquid, and again adding sulphuretted hydrogen water), then, as was shown hf 
8chulze, Spring, Prost, and others, the previously insoluble sulphides pass into tran»> 
parent (for mercury, lead, and silver, reddish brown ; for copper and iron, greenish 
brown ; for cadmium and indium, yellow ; and for sine, colourless) solutions, which may 
be preserved (the weaker they are the longer they keep) and even boiled, bot which, 
nevertheless, in time coagulate— that is, separate in an insoluble form, and then som^ 
times become crystalline and quite incapable of re-dissolving. Graham and others 
observed the power shown by colloids {see note 18) of forming similar hydroioU or soIm- 
iicna of gelatinoui coUoids, and, in describing alumina and silica, we shall again have 
occasion to speak of such solutions. 

In the existing state of our knowledge concerning solution, such solutions may be 
looked on as a transition between emulsion and ordinary solutions, but no fondamenlei 
judgment can be formed about them until a study has been made of their relatioDS to 
ordfautfy eolations (the solutions of eiwn soluble colloids freese immediately on oooUaf / 
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Solntioiu of salts on refrigeration below 0° deposit ice or crystals 
(whifh then freqaently contain water of crystallisation) of the salt 
dissolved, and on reaching a oerUin Jpgrce of concentration they 
tolidify in their entire inasa. These soUdified mosses are termed cryo- 
hydrates. My researches on solutions of common salt (1868) ebowed 
that its solution solidiHes when it readies a composition NaCl + 10H,O 
(180 parts of water per 58-5 parts of salt), which takes placo at 
about —23" The eotiditicd solution tnelts at the same teraperatare, 
4nd both the portion melted and the remaindec preserve the above 
composition. Guthrie (1874-1870) obtaiped the cryohydral«s of many 
tfalts, and be showed that certain of them are formed like the above at 
oompara lively low temperatures, whilst others (tor instance, corrodre 
sablimate, alums, potassium chlorate, and various colloids) are formed 
CD a slight cooling, to — 2° or even before.''^. In the case of cotmnon s\\t, 
the cryohydrate with 10 molecules of water, and in the case of sodium 
nitrate, the cryohydrat*" with 7 molecules of water {i.f. 126 parts 
of water per 85 of salt) should be accepted as estabtished substances, 
capable of passing from a solid to a liquid state and conversely ; and 
therefore it may be thought that in cryohydratea we have solutions 
which are not only uudecomposable by cold, but also have a definite 
composition which would present a fresh case of definite equilibrium 
between the solvent and the substance dissolved. 

The formation of definite but unstable compounds in the process of 
bdott a", ud, iccotding to GolhriB, do not (omi crjohydralM), uid to »iiperttlori,led 
■olDlioni. with HliiDh thoir luve certvn poiat* in commoD. 

■■ OSu (lEISO) oODOlodea, tram tui rsHunhei on crjoby dntet, tbit they ins ilinplo 
loirtimB of iw ud ultB,h4vm^ % oonfttAnt meUiug point, JDSt ■■ there an oHoyo having 
• onituit point of faiion, uid aolationi otliquidi aith « conatuit bailing point (vg note 
tn). Thi« dMt not, howeror, eipLun in what fonn ■ tall i> conWncd, tot ioituce, In tb« 
OTidiTdnteNaCI + lOHjO. At temperatDro above - 10' commnn anlt aepontea ODt 
•ijiTdroai ojatala, *Dd at lempar»tnrM neu - 10°, in combination 
flTjaUUiMtlOB, NaCl + lHtO, and, therofore, it i> very improbabls th»l 
(araiWTatuna it would 9apant« HitLont waloi. tl tlio poaailiilit/ or the 
kydntt tonl^nipg NaQ+SHiO and ias b« »dniitttd, then it ii not clear why one o( 
tbaw anbitancea doei not melt before the other. If alcohol doea not eiliiuit imtei from 
the aolid masa, leaving the eolt behind, thii doe> not prove the presence of ios, beoLtise 
alcohol alao tahea op water from the eryatala of muoj hydi&ted mbttuieeB (for intdsca, 
Irom NaCI + 3H,0) at abont their melting- painla. Beiidea which, ■ aimple DbMrration 
oa the cr;ahjdnilf . N&CI + loH^, ahona that with the moit caretol cooling it doea not 
on the addition of ice depoeil ice. whicb would oocut it ico w«n fatio*d on aolidiflotliaa 
inlermiied with the aalt. 

I Duy add with cegud to oryohrdratee that many of the aolationt ot acida lolidi^ 
eompluUily on prolonged oooUng (for eiample, B]SO,H(0), knd then form perteoUj 
definite oompounda. For the lolDtiona of eul|jiuric acid {tie Chapter XX.) Fickerisg 
obUined, for i^Itano^ a hydrate, H^0,1H,0 at -St". Hydiochlaric. nitric, and otlier 
Mida alao giie aimilHt cryalalline hydrates, meltii^ al low temperttiuea and 
«Mi)> umilaritiea with ths oTTobjdnte*. 
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* foming aoidi.' The faming liquids Mntain a definite compotnid wEote' 
temperature of ebullition (decomposition) is higher than 100®, and con- 
tain also an excess of the volatile substanqe dissolved, which exhibits a 
capacity to combine with water and form a hydrate, whose vapour 
tension is less than that of aqueous vapour. On evaporating in air, 
this dissolved substance meets the atmospheric moiiture and forms a 
visible vapour (fumes) with it, which consists of the above-mentioned 
compound. The attraction or affinity which binds, for. instance^ 
kydriodic acid with water is evinced not only in the evolution oC^heat 
and the diminution of vapour tension (rise of boiling point), but also 
in many purely chemical relations. Thus hydriodic acid is produced 
from iodine and hydrogen sulphide in the presence of water, but unless 
water is present this reaction does not take place.®' 

Many compounds containing water of crystallisation are solid sub- 
stances (when melted they are already solutions— t.tf. liquids) ; further- 
more, they are capable of being formed from solutions, like ice or 
aqueous vapour. They may be called cryitallohydrates, Inssmuch aS 
the direct presence of ice or aqueous vapour cannot be admitted "in 
solutions (for these are liquids), although the presence of water may 
be, so also there is no basis for acknowledging the presence in solutions 
of crystallo hydrates, although they are obtained from solutions as 
such.®' It is evident that such substances present one of the many 
forms of equilibrium between water and a substance dissolved in it. 
This form, however, reminds one, in all respects, of solutions — that is, 
aqueous compounds which are more or less easily decomposed, with 
separation of water and the formation of a less aqueous or an anhydrous 
compound. In fact, there are not a few crystals containing water 
which lose a part of their water at the ordinary temperature. Of such 
a kind, for instance, are the crystals of soda, or sodium carbonate^ 
which, when separated from an aqueous solution at the ordinary 
temperature, are quite transparent ; but when left exposed to air, lose 

• ^ For tolntionB of hydrochloric acid in wat«r there are still greater diflerenoe* la 
reactions. For instance, strong solutions decompose antimony sulphide (forming hydio* 
gen sulphide, HaS), and precipitate common salt from its solutions, whilst weak solutioBa 
<do not act thus. 

^ Supersaturated solutions give an excellent proof in this respect. Thus a tolntioB 
of copper sulphkte generally crystaUises in penUhydrated crystals, CU8O4 4- 6H«0, aaA 
its saturated solution gives such crystals if it be brought into contact with t)ie minatMS 
possible crystal of the same kind. But, according to the observations of Lecoq de Bote* 
baudran, if a crystal of ferrous sulphate (an isomorphous salt, fftf note SS), FeS04 4-7HA 
be placed in a saturated solution of copper sulphate, then crystals of hepta-hydraied m3i%^ 
CnS04 -f 7H3O, 4re obtained. It is evident that neither the penta- nor the hepta^hydntsA 
eah is contained as suob in Um solution. The solution presents its own particnkr liqvi4 
o( equilibrium. 
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It portion of their vat«r, beoomlitg opaque, and, in the process, loia 
their crystalline appearance, &lthoagh preserving their original form. 
This process of the sepftmtion of wnter at the ordinary temperature 
b termed the effioreie^iKe of crystals. EEBoreseeiice takes place r 
rapidly under the receiver of an air pomp, and especially at a gentls 
heat. This breaking up of a crystal ia disaociation at the ordinary 
teroperatore. Solutions are decomposed in exactly the gi 
The tenfiion of the aqueous vapour which is given off' from crystaUo- 
hydntes Is naturatly, a« with solutions, less than the vapour tension of 
irater itself " at the same temperature, and therefore many anbydro 
saltA which are capable of combining with water absorb aqueous vapour 

** EfflaTOKeDCB) Uke 0ver7eT»pof»tioii.|inK»dB from the surfUo, In the mteriof gf 
Kjitali which bi'e afflsRHoil tlwre u Diiully foDnd ■ Don-sEBoreHsd nuH, » tlut Iba 
Bujonly ot etRonVKi irfiUli ot viJihiog aoit. tbov, in their (nclurs, a tnnapumt 
BuclDai co«t«d bj Ml vfSocsaosd, opaique, powdcrf nun. Itio renurkabla cLt 
in thi> mpHt thut efllDreannee pnxeedi in ■ tompleUlj n^ru and onifDr 
•0 Uut lh» uglM ud pluei oE simihu ecrMJlogrmphio chuicUi oOIon 
laiwoailj, wid in thlt rtapaot the crritilliiia fonn delerminu thou puiU of crritkk 
when eflSonHEiiM itirU, ud the ontei in whish ii continuM. In Ktation< oiapontion 
b1» proceed! tram the inriM*, aad the flnt tsij*al% which appau on ili mchiog ihs 
matured do^tve of aatimtioii Kie kIbo formed at Ou BorfKe. AJtar tailing to tU« bottom 
Ihe CT7«tala naturally conlinao (o grow (f« Cha^lai X.|. 

" Aecotdiag to L»act»ur [18881, at 100° a conwntrated lolnlion ol badam hjdroiide, 
BaHgC^, on 6(bI depositing Gry'tali (with + a,0} hu a Imiion ot aboot B80 nun. 
water), which decfeaaea (beeaoae tb* BDlntion evapo- 



Baa,0„ ' 



1, but Ihey al 



u ci^atala, BaH,OitH^, whicli 
, effionaoe at 100°), learing the bfdrDSidoi 

it pcrlectlT undeoompaeable at 10a°~th«t it, dON no* part with water. 

on of water ia tb«D Mt nun.) a (ohnian, aiiiitaiiung UHgO, on ctyatallii. 
iag haa a taniion dI 330 mm.; the crritali, BaBgOg + eHtO, which teparate out, hare a 
lenaion ot 160 mm. ; on losing water they give B«H.jOi • B.,0. Thit ■□hitaniie does not 
daeoapoM at TS°, and ttwntoie ita taniion - 0. In thne erTetaUohfdntei which, 
effloreaca at Uie ordioaiy temperature, the t«iiaion of diaaociation neailj aEl^roiunatea to 
that at ths aqneoui vapoui, at LeWKBVi (IBDIJ ebowed. To this oalegory of compcuada 
belongB,0,(8tf)HiO,C,0,H, (a4^i)BABaO|Bifi)H,0, andSrO(Sti{H,0. And' 
a <tiU gr>at« Icnaion ii poitHRa bj K(,SO,10H,O, Na^O,tOll,Q. and HgiiO. (7 ' c) 
HgO. UliUar-Enbach |1S8<| daterminea the looaieD (with nlennc« lo liquid water] by 
placing tnlwa at the aune Ungth with water and the •ubatancei eiperiineatcd with in a 
d*siocator,.the rate ot lo« ol watcf giving tlie relatiie teniion. Thua, ai the ordinary 
lempetatnn. cTjitalt ol todium phoiphate, Na,ErOi + llB,0,pt«ent a tension ot 0? 
oompared with watm. until ther loae £H,0. then 0'« nntJ Uu; loaa IH,0 Bum, and on 
Inaiog the last «qairalent ot water the tension falls to 004 compared with water. It ia 
clear Uiat the different molecalea of «at«r are held by an unequal force. Out of the 6>a 
moUenlea ot water lo oopper (ulphata the (wo firtt tft oompantiTaljr eaailj Be[iaiate4 
eTen at ths oidinu]' temperature (biit ooly after asraral dafi in * dssicotoi, accorditig 
to LatohinoOJ ; the nsit two are more difficult]]' separated, and the last c^u'valcpt la 
retained even at 100° This ia another indication of the capacity ol CaBO, to tona thraa 
hydrates, CaSO,GU,0, CuS0,;H,O. aud CDBO,BfO. Tlie i»earohea ot Andreae on Ih* 
tension of distocialion ot hydriled sulphate of copper abawDd (1001) thft «xIil«iM«| 
three pnjvineea, charaotefieed at a given tamparMtire by ■ conalaiit te 
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from moist air ; that it, they met like a oold body on wkidi water la 
deposited from steam. It ia on this that the deaodatkm of gaaea is 
based, and it must farther be remarked in this req>eGi that certain 
subetances— for instance, potassium oarbonate (BLfOOs) '^ cal cim a 
diloride (CaCl])— not only absorb the water neoeasaiy lor thefonnatioQ 
of a solid crystalline compoimd, bat also give solutioiis^ or d d ique9e$f 
as it is termed, in moist air. Many ciystals do not ^Boreeoe in the 
least at the ordinary temperatare ; for example, c<^>per so^ihate^ which 
may be preserved for an indefinite length of time without eflloteecin^ 
bat when placed under the receiver of an air pomp^ if effloreaosoce be 
once started, it goes on at the ordinary temperature. The tempeva» 
ture at which the complete separation of water from aystals takes 
place varies considerably, not only for different sabstanees» bat also for 
different portions of the contained water. Very often the tempera tar e 
at which dissociation begins is very mach higher than the boiling point 
of water So, for example, copper sulphate, which contains 36 p.c. of 
water, gives up 1:8-8 p.c. at 100% and the remaining qoanti^, namdy 
7*2 p.c, only at 240'' Alum, out of the 455 p.c. of water whidi it 
contains, gives up IS 9 p.c. at 100% 17-7 p.c. at 120% 77 p.c at 180*, 
and 1 p.c. at 280'' ; it only loses the last quantity (1 p.c.) at its tern- 
perature of decomposition. These examples clearly show shat the 
annexation of water of crystallisation is accompanied by a rather pro- 
found, although, in comparison with instances which we shall consider 
later, still inconsiderable, change of its properties. In certain cases the 
water of crystallisation is only given off when the solid form of the 
substance b destroyed : when the crystals melt on hecting. The 
crystals are then said to tnelt in th^ir inU^rr of crystallisation. Further, 
after the separation of the water, a solid substance remains behind, so 
that by further heating it acquires a solid form. This is seen most 
clearly in crystals of sugar of lead or lead acetate, which melt in their 
water of crystallisation at a temperature of 56*25% and in so doing 
begin to lose water. On reaching a temperature of 100* the sugar of 
lead solidifies, having k»st all its water ; and then at a temperature of 
280% the anhydrous and solidified salt again melts»*^^*» 

It is most important to recognise in respect to the water of crys- 
tallisation that its ratio to the quantity of the substance with which it 
is combined is always a constant quantity. However often we may 

<» ** Sc-I:--si iicttattr C.H:.OiXd3H..O'' melts xl >S-. but n; -s^'lulifiv* only oo contAci 
vith a cn^tAl, otherwise it miy rvisuun h^uiJ evtn at 0-. jusd mAv be used for obt*iniiif 
A constant tvmp^ruturt. Acvvrding to J«>Ann<rl, the latent hont of fusion is aboat S8 
•aIorif4«^ «n>i «4X\irdiii^ to PKkvhn^ th« heat of solation 35 c&lvries. When mdtcd thif 
^Ui buiLi Ai 12^^— thAt i», the tensioo of the vapoar giv«n off at that tempemtaro eqnala 
ihs atmoapbttric prvMor*. 
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prepare copper sulphate, wo shall always find 36'14 p.c. or water in iu 
crystals, ood these crystals always lose four-fiftlis of their water ftt 
100", and one- fifth of the whole amount of the water contained remaina 
in the crystals at 100°, and is only expelled from them at k temperature 
of about SlO". What lias been said about crystals of copper sulphate 
refers also to crystals of every other substance, which contain water of 
crystallisation. It is impossible in any of these cases to iDcre«se either 
the relative proportion of the salt or of the water, without changing 
the homogeneity of the substance. If once a portion of the water be 
lost — for instance, if once efflorescence takes pkce— a mixture is ob- 
tained, and not a homogeneous substance, namely a mixturo of a sub- 
stance deprived of water with a substance which has not yet lost water 
— i.e. decomporition has already commenced. This constant ratio is. 
an example of the fact that in chemical componnds the quantity of the 
component parts is quite definite ; that is, it is an example of the so- 
called tiefiniu chemical eomponncU. They may be distinguished from 
solatioQS, and from t^ll other Eo-called iiidefnite chemical compound^ 
in that at least one, and sometimes both, of the component parts may 
be added in a large quantity to an indefinite chemical compound, with- 
out destroying its homogeneity, as in solutions, whilst it is impossible 
to add any one of the component parts to a definite chemical compound 
without destroying the homogeneity of the entire mass. Delinitfl 
chemical compgunds only decompose at a certain rise in temperature ; 
on B lowering in temperature they do not, at least with very few Mt- 
ceptione, yield their components like solutions which form ice or com- 
pounds with water of crystallisation. This leads to the assumption 
that solutions contain water as water,** although it may Bonietimes be 
in a very small quantity. Therefore solutions which are capable ot 
solidifying completely (for instance, crystallo- hydrates capable of melt- 
ing) such as the compound of 84^ parts of sulphuric acid, H]SO„ with 
16i parts of water, H,0, or HjSO,.H,0 (or H^SOj), appear as tme 
definite chemical compounds. If, then, we imagine such a definit* 
compound in a liquid state, and admit that it partially decomposes in 
this state, separating water— not as ice or vapour (for then the system 
would be beten^neous, including substances in different physical 
states), but in a liquid form, when the system will be homogeneous— 

n (rcqneDll)' pnteiita Uielt In panlj cfaenilul action, for 
Luice A give, with uothA liquid HQbAtaace B, onder tb« oandt 
men miiiot« qoontity gf a loltd « gtieoDt lubiUoce C. Thti 
II Kpumt« ont (pua amy from Uio sphwe of Botion, M BurthoUol 
" g Du«KB of A «na B wiil M^ia give C; «nMqu«nUj. 
ill go OD to the end. Bach, it Kcini to ma. i| tlw UtiM 
ia iolntlODa whan tba j fWld in* m nponi indicatiD^tbt prtHoe* ot watci. 
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we shall form an idea of a solution as an unstable, dissociating fluid 
6tate of equilibrium between water and the substance dissolved. More- 
over, it should be remarked thatjudgingby experiment, many substances 
give with water not one but diverse compounds,^^ which is seen in the- 
capacity of one substance to form with water many various crystallo' 
hydrateSf or compounds with water of crystallisation, showing diverse 
and independent properties. From these considerations, aolutions^^ 
may he regarded as fluidf unstable^ definite chemical compounds in a 
$late of dissociation/*^ 

^ Certain substRnces ure CApable of forming together only one compoand, othor» 
teyeral, 4nd these of the most varied degrees of stability. The compounds of water are 
ingtanoet of this kind. In solutions the existence of several different definite oompoondt* 
IDi|l8t be acknowledged, but many of these have not yet been obtained in a free state, and 
it may be that they cannot be obtained in any other but a liquid form — that is, dissolved; 
Imt OS there are many undoubted definite compounds which only exist in one physical 
■late. Among the hydrates such instances occur. The compound COa + SH^O (fee note 
81), according to Wroblewski, only occurs in a solid form. Hydrates like HfS -t- ISH^O 
(I>e Forcrand and Villard), HBr + H<{0 (Roozeboom), ran only be accepted on the basia 
of a decrease of tension, but present themselves as very transieht substances, incapable 
of existing in a stable free state. Even sulphuric acid, H)S04, itself, which undoubtedly 
is a definite compound, fumea in f^ liquid form, giving off the anhydride, SOj — ^that is, iV 
•thibits a very unstable equilibrium. The crystallo-hydrates of chlorine, Clff SH^O^ 
of hydrogen sulphide, H-^S -*■ I2H2O (it is formed at 0°, and is completely decomposed at 
•f 1^, at then 1 vol. of water only dissolves 4 vole, of hydrogen sulphide, while at O*!^ il 
diMOlves about 100 vols.), and of many other gases, are instances of hydrates which aro 
very unstable. 

^ Of such a kind are also other indefinite chemical compounds; for example^ 
netallic alloys. These are solid substances or solidified solutions of metals. They alaa 
contain definite compoundB, and may contain an excess of one of the metala According 
(o the experiments of Laui-ie (1688), the alloys of einc with copper in respect to the elee* 
tromotive force in galvanic batterio» behave just like zinc if the proportion of copper in 
the alloy does not exceed a certain percentage — that is, until a definite compound ia 
attained — for in that case particles of free zinc are present ; but if a copper surface be 
taken, and it be covei*ed by only one-thousandth part of its area of sine, then only tho 
tino will act in a galvanic battery. 

^ According to the above supposition, the condition of solutions in the sense of th» 
kinetic hypothesis of matter (that is, on the supposition of an internal motion of 
molecules and atoms) may be represented in the following form: — In a homogeneooa 
liquid — for instance, water— the molecules occur in a certain state of, although mobile^ 
atill stable, equilibrium. When a substance A dissolves in water, its molecules form with 
ieveral molecules of water, syHtoras ilnH^O, which are so unstable that when surrounded 
by molecules of water they decompose and re-form, so that A passes from one mass of 
molecules of water to another, and the molecules of water which were at this moment in 
harmonious motion with A in the form of the system iivtH^O, in the next inslani 
may have already succeeded in getting free. The addition of water or of molecules of A 
may either only alter the number of free molecules, which in their turn enter into systems 
^nHjO, or they may introduce conditions for the possibility of building up new systenia 
itmH^O, where vi is either greater or less than n. If in tlie solution the relation of tho 
molecules be the same as in the system /ir^iH^O, then the addition of fresh molecules of 
water or of A would be followed by the formation of new molecules ^itHjO. The reUUv* 
tnaaitity, stabiUty, and composition of these systems or definite compounds will vary ia 
M or another solution. I adopted this view of solutions (1087, Pickering subseqaentij 
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In regarding lolutinns from this point of view the; come under th9 
heati of those definite compounds with which chemistr; is inainly con' 
oomed."' 

We saw above that copper sulphate loses four-fifths of its water at 
100° and tbn remainder at 310,° This means that there are two defi< 

pdt tor*Krd ■ nmiUr riew) liter ft moit lotunfttc fltndf of Lbe vKriltLon oj thvir uptciAo 
^Tiliu, to irhiiih mj book, ciU)i3 in BOta IS, ii di-roled, Dsanita compoundi, ,lniH,0 
kud dm,H,0, «iil<Dg in ■ Ii«~[aT isttucc, latid— Iqtpi, nuy in onrtwa cu« bo held 
InKlntioni in a dlawiciileit atate (tllboDgb but putlaUr); they ue timiUr in their 
rtnclnn tothoH daflnile antntHian which uu (onned in Kilatitiiu, bat it Unot ntOBmij 
W nHiUDe that such (Tttcisi u NufSOi-t- tDHiO. or Ni,80i4- 7H,0. or Na,BO,, ua eoB- 
Uiiied in soluLigiiL Th-i coDipuiticely mora (Ubie ifBUnu ^n,B,0 which eiiit in k 
(ratF ikla and chuigo their phy siaJ itste matt preamt, although withio certain timila 
td tempentiire. an entinlj harmoniani idnd of motion ct A with ii,S^ ; the p ro i m ^ 
rivi and iltle o( ayiteiBi ^iiHgO and A rnB^, oociutuig in tolalioD^ ia thai tbay an 
iD a liqnid lonn, ulthodgh pattially diaaociated. Snbvtaaefls A |, wlileJi giT« aolatioa^ 
an dktiagiiiBhi'd b; the Inct that they can fonn ani-h ODilable tyitemi ^<iHgO, but 
beaidu them Ihey can gira oth«i miich mct« etabla aycteou ^n,H,0. Tbtia etbjIoM^ 
jCgH^r in diaaolTiDg Id wator, pn)bil)ly forma a ajatem CfH^nH^ which eaiiily ipljla np 
(n(o C,B, Kitd H]0, but it aJto giTeo Cbs ayalem of aloohol, C^^gO or C,H,0, whieb 
i* cotnpniatiTcly atable. Thoa oxyssn oaa diaaoWe u water, and it can combine with It. 
lonniog peroxide of hydrogen. Tarpantina, C,oHiai doea not diaaoly* la waMr, bat it 
'tombiaoa with it aa a eompatatii'ely atable hydrat«. Inother worda, thocheinlcal atruy 
Ion ol bydralcn, ui at the definite oompcnnda which arc coDtaiiipd in aotutiona, ia dlt- 
linRDlahed not only by iti original pecidiaritieg but alto by a dircraity of atublUIy. A 
kinular atmctare to bydiatea moat be aclnowledged in cryatallo-hydratca. On malbiif 
Ihaj gife actual (real} aolntionB. At lubatanocii whidi giie cryatallo-hydnlea, like lalt^ 
are capable of forming a nanibar of diverge hydrali^A, and u the greater the number cf 
polecnlea ol watrr (n) they (AnRfi) contain. Urn lowor ia the teinpeialBni ol their 
fonnatioD. and aa the inor« caaily they dacompoaa the man water they hold, therriorai 
In tbo Arat places the jaolatjon of liydratea holding much water edattDg in aqqeoni aoto- 
fiooa may ba aoaneal looked lor at low lemperatiiTea (although, peihapa. in certain caee* 
Ibaj ctmMI (siat in the aolid state) ; and, aacoodly, tha ttabllily alu ol inch higher 
kfdlBtoi will t« at a minimom under tha ordinaiy dicnmatkncai of the occurance d 
Vqqjf water. H«tiee • hrthei more detailed inteatigation of ciyubydiatea may help (a 

bydratoa will, tike metallic atloyi, preaeol aolidified raijitnrei ol ice with the aalli than- 
Mlvaa and their mm alable hydtalaa, and otbon will be defloite rampoonda. 

** Tha abors repreeontatiuo ol anlutiona, ix., eonaideiing them aa a partienlar stat* 
^ dafinite compinjuda, oxoludea the independent eiiateDoe ol indefinite compou&di; 
■tythii meana that unity of chemical conception i: obtained wUoh euuoi be arriTcd 
M by admitting the pbyiioo-mechanioal eonseptioi et Isdeflnite aanpoBBda, Tb« 
gndual trasaitiun bom typical aolotiona (aa ol gaaea In watM-, and of weak aalitw 
^obtioiat to anlphniio acid, and from it and ita deflnils, bat yet onatable and liqnid, 
.fompounda, to clearly defined compounda, euch aa a^tl and their cryatallo-hydratea^ 
Ja ae impereeptibla. that b denying that aolDtiona pertain to the Dumbai of daanita 
Iwt diaaociatkig eompoundii, we riak denying tiie dcdniteneaa ol the atomic com- 
fuaition of anch inbatanoea aa aolphoric acid or of molten cryatallo-hydiatea. I 
fgpeal, howeta, that for tbs pnant the (haoiy of aolntiona cannal b* ennaidvad aa 
Bnnty ealahliahed. The abore opinfoD about than {• potbtng more than a fafpotbalt 
bUoh gndeaTDiui to aatialy Ooaa eompataliTely Huilted data whidi we ban ft* te 
fcw*tiut about aoltttiou^ and of Ihoae turn of tbelT ttanidtloo luto dtAnlta < 
brHlniNingaolBlknalolbaDancDlowBBiplkDdal - -- 
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niie compounds of water with the anhydrous salt. Washing soda or car* 
bonate of sodium, Na^COs separates out as crystals, NasOOsylOHgOy 
containing 62*9 p.o. of water by weight, from its solutions at the 
ordinary temperature. When a solution of the same salt deposits 
crystals at a low temperature, about— 20^ then these crystals contain 
71*8 parts of water per 28*2 parts of anhydrous salt. Further, the 
crystals are obtained together with ice, and are left behind when it 
melts. If ordinary soda, with 62*9 p.c. of water, be cautiously melted 
in its own water of crystallisation, there remains a salt, in a solid state, 
containing only 14*0 p.o.>of water, and a liquid is obtained which con- 
tains the solution' of a salt which separates out crystals at 34% which 
contain 46 p.c. of water and do not effloresce in air. Lastly, if a supev^ 
saturated solution of soda be prepared, then at temperatures below 8^ 
It deposits crystals containing 54*3 p.c. of water. Thus as many as 
five compounds of anhydrous soda with water are known ; and they are 
dissimilar in their properties and crystalline form, and even in their 
solubility. It is to be observed that the greatest amount of water in 
the crystals corresponds with a temperature of — 20^, and the smallest 
to the highest temperature. There is apparently no relation between 
the above quantities of water and the salts, but this is only because in 
each Case the amount of water and anhydrous salt was given in per- 
centage^ ; but if it be calculated for one and the same quantity of 
Anhydrous salt, or of water, a great regularity will be observed in the 
amounts of the coniponent parts in all these compounds. It appears 
that for 106 parts of anhydrous salt in the crystals separated out at 
— 20® there are 270 parts of water ; in the crystals obtained at 15® there 
are 180 parts of water ; in the crystals obtained from a supersaturated 
solution 126 parts, in the crystals which separate out at 34®, 90 parts, 
and the crystals with the smallest amount of water, 18 parts. On 
comparing these quantities of water it may easily be seen that they are 
in simple proportion to each other, for they are all divisible by 18, and 
are in the ratio 15:10:7:5:1. Naturally, direct experiment^ 
however carefully it be conducted, is hampered with errors, but taking 
these unavoidable experimental errors into consideration, it will be 
seen that for a given quantity of an anhydrous substance there occnr, 
in several of its compounds with water, quantities of water which are 
in very simple multiple proportion. This is observed in, and is common 

only attain to a general harmonious chemical doctrine, but also that new motiTM for 
investigation and research will appear in the problem of solutions, which must eittiar 
oonllrm the proposed theory or replace it by another fuller and truer one ; and I for my 
IMurt cannot consider thi^ to be the case with any of the other present doctrinat of 
Sions (note 40). 
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to, all definite chemical compounds This rule is called Me law of 
rnultipU proportions. It was discovered by Dalton, and will be evolveiJ 
in further detail subsequently in this work. For the present we 
will only state that the law ot definito composition enables the com- 
poaitioQ of substances to be expressed by formulce, and the law of 
multiple proportions permits the application of whole numbers as co- 
efficients of the symbols of the elements in these fonnuln.'. Thus th& 
formula Nft,COj, 10H,0 shows directly that in this crystallo-hydratft 
there are 180 ports of water to 106 parta by weight of the anhydrous 
salt, because the formula of soda, Na,CO], directly answers to a weight 
of 106, and the formula of water to 18 parte, by weight, which are hero 
taken 10 times. 

In the above examples of the combinations of water, we saw the 
gradually increasing intensity of the bond between water and & 
■ubst&nce with which it forms a homogeneous compound. There is a 
series of such compounds with water, in which the water is held with 
very great force, and is only given up at a very high temperature, and 
•ometimes cannot be separated by any degree of heat without the endre 
decomposition of the substance. In these compounds there is generally 
no outward sign whatever of their containing water. A perfectly new 
•nbstctnce is formed from an anhydrous substance and water, in whielh 
•ometimos the properties of neither one nor the other substaDce aro 
observable. In the majority of coses, & GODsiderable amount of heat ift 
evolved in the formation of such compounds with water. Sometimes 
tho heat evolved is so intense that a red heat is produced and light- 
is emitted. It is hardly to be wondered at, after this, that stablo 
compounds are formed by such a combination. Their decompositioa 
requires ^eat heat : a large amount of work is necessary to separate 
their component parts. All such compounds are definite^ 
generally, completely and clearly definite. The number of sucb 
,4efla>te compounds with water or hydrata, tn the narrow sense of thv 
is generally inconsiderable for each anhydrous substance , in tJie 
iter number of cases, there is formed only one sucfa combination of t, 
L water, one hydrate, having so great a stability. The 
contained in these compounds is often called water oj eoTutilulion 
,B. water which enters into the atmcture or composition of the given 
ice. By this it is desired to express, that in other coses th» 
of water are, as it were, separate from the molecules of that 
ICG with which it is combined. It is supposed that in the forms*- 
of hydrates this water, even in tho smallest particleo, forms onv 
Jete whole with the anhydrous substance. Many examples ol 
{ormation of such hydrates might be cited. The most Earailiftr 
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exatnple in practice is the hydrate of lime, or so-called * slaked ' lime. 
Lime is prepared by burning limestone, by which the carbonic anhydride 
is expelled from it, and there remains a white stony mass, which is 
dense, compact, and rather tenacious. Lime is usually sold in this 
form, and' bears the name of ' quick ' or ' unslaked ' lime. If water ba 
poured over such lime, a great rise in temperature is remarked either 
directly, or after a certain time. The Vhole mass becomes hot, part of 
the water is evaporated, the stony mass in absorbing water crumbles into 
powder, and if the water be taken in sufficient quantity and the lime 
be pure and well burnt, not a particle of the original stony mass is left-^ 
it all crumbles into powder. If the water l>e in excess, then naturally 
a portion of it remains and forms a solution. This process is called 
'slaking' lime. Slaked lime is used in practice in intermixture with 
eand as taortar. Slaked lime is a definite hydrate of lime. If it is 
dried at 100° it retains 24*3 p.c. of water. This water can only be 
expelled at a temperature above 400^ and then quicklime is re-obtained. 
The heat evolved in the combination of lime with water is so intense 
that it can set fire to wood, sulphur, gunpowder, &c. Even on mixing 
lime with ice the temperature rises to 100°. If lime be moistened with a 
small quantity of water in the dark, a luminous eflect is observed. But, 
nevertheless, water may still be separated from this hydrate.'* If 
phosphorus be burnt in dry air, a white substance called * phosphbrio 
•anhydride ' is obtained. It combined with water with such energy, that 
the experiment must be conducted with great caution. A red heat is 
produced in the formation of the compound, and it is impossible to 
separate the water from the resultant hydrate at any temperature. 
The hydrate formed by phosphoric anhydride is a substance which 1$ 
totally undecomposable into its original component parts by the action 
of heat. Almost as energetic a combination occurs when sulphuric 
Anhydride, SO3, combines with water, forming its hydrate, sulphuric 
lacid, H2SO4. In both cases definite compounds are produced, but 
the latter substance, as a liquid, and capable of decomposition by 
heat, forms an evident link with solutions. If 80 parts of sulphurio 
Arilhydride retain 18 parts of water, this water cannot be separated from 
the anhydride, even at a temperature of 300°. It is only by tho 
addition of phosphoric anhydride, or by a series of chemical transforma* 
tions, that this water can be separated from its compound with 
sulphuric anhydride. Oil of vitriol, or sulphuric acid, is such a ooni* 

'1 In combining with water ono part by weight of lime evolves &46 unite of heat. A 
lligh temperature is obtained, because the specific heat of the resulting product Is muJL 
Sodium oxide, Na^O, in reacting on water, H3O, and forming caustic sod* (soAiinS 
lijdroxide), NaHO, erolvos 662 units of heat for eadi pari by weight of ao^iiim osM«. 
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|wund. If a larger proportion of wat«r be taken, it will combiao 
with the HiSO) ; for instance, if 36 parts of water per 60 parts of 
•ulphurie unhj'dKde bo taken, a compoand is formed which crystailises 
■D the cold, and m^ lt« at + 8°, wbiist oil of vitriol does not solidify even 
at— 30°. If stiU more water be takeD, the oil of vitriol will dissolve fa 
the remaining quantity of wat«r. An evolution of heat takes plaM^ 
not onl; on the addition of the water of constitution, bat in a 1 
degree on further additions of water." And therefore there is mj ' 
distinct boundary, but oaly a gradual transition, between . tliOM 
chemical phenomena which are expressed in the forcuEition of i,o!utiona 
and those which take place in the formation of the most stable 
iydratca." 



" TbB a 



iwf tha erolation ot heat oa lbs miitura ol 
.1. B0j4 HgO), HlUi difTetsst qtuDUtlci ol wMl 
raiT 98 gnmi o[ talplinriii tcid (HgSOJ OTolTt, 



•nlplmiic kcid, or numo-bydnto (H^SOi, i 

p«t 100 TDlfl^at Lho reaaLUst ■olutioD- £ 

cm (be iddHion qI 18 gnuaa ol vitar, 8,9' 

qcumtilTaf vHtar 9,(18 ud IIJST onita ol beat, uiil witb rd infinitely lufie gnuitit; of 

water 17,800 unite of heat, according totbe detenDiuaKoat ol Thosueu. Hs aba ahoirtd 

Oa.% oheo K,SO, le lonned from BOs (°8a) and H,0 ('<1S}, ll.BOe unit* ol btH sit 

erolred per 98 paiM bjr weight of the rBBnltaat inlpboric acid. 

" TbDB, For diSsrent hjdialca th» atabilitr with which ther hold water u verj dis- 
■imilu. Certain b jdratee hold water very loosely, and in combining with it arolTo lilUa 
beat. From other hjdratea tha water cannot be upar&tei] b; any degree ol boat, eves 
U tbef are formed froro anhyiirideB (i.e. anhydrous subttuicM) and water with liUla 

iiwosBiderable aitioani of beat, bat the water oaonot then b« expoUed Irom it. II the 
liydrate (acetic acid) lormed by this combiDnlion bo itiongly healed it either >ola(iUaai 
withoat chuige. or decoiopOHe into new eubetancca, but it doee not agnin yield tha origl- 
Dal BDbslwicei — j.<,. Ihs aohydride and water, at leail in a llijoid forui. Hate ia aa 
InMaDC* which gives tha leoaon loi calling the water entering into the couipoiition ol tha 
brdiale, water of conatitntlon. 8ach, tor ' example, 1* the waMi eHMring into the lo- 
<d*d eanitic sodii or eodiuia bydroiide (ih note 71). Bat there are bydralei which 
MaHy part witb their water ; yet tbli water cannot be cossidersd te watsr ol cryitalliak* 
lioD, not only becsDM sometinwa aocb bydrates baie no cryilalllne form, bnt also becauae, 
tnpariecUy analogona oaaea, T*ry stabts hydrates an lormed, Khich uo capable ol parti. 
eotar Unda ot eharaieal iMCtions, as we ibsJl ■nbaequentl]' learn. Such, lor eiunple. Ia 
the nnstable hjdrtUd oiida ot copper, whioh is not lormed Irom water aad oxide Ot 
ocipper, bat whldk ii obtained jott like tat more stable hydratos, for etample, the bydiated 
oxide ol barium BaHgO, «qnal to BaO + H,0, by tbedoubla decomposition ot tha »}lullon 
ct aalta with pJliolipt. In a word, [bore is no distinct boandaij either between the »>M 
At hydrates and ol crystalliiatian, or between solution and hydratioo. 

It must bo obeerred that in sepsntiug troBi so aqueosg solution, many subvancee, 
ivithont baring a cryetalline form, hold water in the eame nnstable state ae in oryitals i 
only this water cuinot be termed ' water ol orystalllwtiaa ' if tlw sabstaaca which 
•epuatee oat has no cryataUine lorm. Tha hydrales of alomina and silios «te tiomplas 
Of anch onstable hydrales. U these anbatancea am aeparated Irom an aqueous salulion 
by a chemical process, then they always ooolala water. Tbe fannaiioo ol a. new chomlctl 
oompDOnd contolniag water Is hem particularly eridenl, for alaniina and silica in an 
anhydroas state have ohemical propertiee differing from thaee tbey show when oombined 
viUi wBl«r, and do not coobiDe directly witb it. The entire eorica ol collolda on aepu- 
•MnglromwataTlOrm >imIlMaoafci]iiilBVitb it.«hlchhava the aspect ot solid gelatiootu 



112 PRINCIPLES OF CHEMISTRY 

We have thus considered many aspects and degrees of combination 
of various substances with water, or instances of the compounds of 
water, when it and other substances form new homogeneous substances^ 
which in this case will evidently be complex — t.e. made up of different 
•abstances— and although they are homogeneous, yet it must be 
admitted that in them there exist those component parts which entered 
into their composition, inasmuch as these parts may be re-obtained from 
them. It must not be imagined that water really exists in hydrate of 
Ume, any more than that ice or steam exists in water. When we say 
tiiat water occurs in the composition of a certain hydrate, we only wish 
to point out that there are chemical transformations in which it ia 
possible to obtain that hydrate by means of water, and other transfor- 
mations in which this water may be separated out from the hydrate. 
This is all simply expressed by the words, that water enters into the 
composition of this hydrate. If a hydrate be formed by feeble bonds, 
and be decomposed even at the ordinary temperature, and be a liquid, 
then the water appears as one of the products of dissociation, and 
this gives an idea of what solutions are, and forms the fundamental 
distinction between them and other hydrates in which the water is 
combined with greater stability 

•obfUnces. Water is held in h considorablo quantity (n solidified gloe or boiled albumin. 
It oannot bo expelled from them by pressure ; hence, in (his case there has ensued som» 
ki&d of combination of the substance with water. This water, however, is easily separated 
on drying ; but not the whole of it, a portion being retained, and this portion is considered 
to belong to the hydrate, although in this case it is very difficult, if not impossible, to 
obtain definite compounds. The absence of any distinct boundary lines between sola- 
tioot, crystollo-hydrates, and ordinary hydrates above referred to, it very clearly seen ia 
•ach examples. 
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CHAPTER II 

THB COMPOSITION OF WATER, HTDROQBN 

Thb question now arises, Is not water itself a compound aubstaneet 
Cannot it be formed by the mutual combination of some component 
parts t Cannot it be broken up into its component parts ? There can- 
not be the least doubt that if it does split up, and if it is a compound, 
then it is a dtfinite one characterised by the stability of the union 
between those component parts from which, it is formed. From the 
ia^t alone that water passes into all physical states as a homogeneous 
whole, without in the least varying chemically in its properties and 
without splitting up into its component parts (neither solutions nor 
many hydrates can be distilled— they are split up), we must conclude, 
from this fact alone, that if water is a compound then it is a stable and 
definite chemical compound capable of entering into many other com- 
binations. Like many other great dlsooveries in the province ol 
chemistry, it is to the end of the last century that we are indebted 
for the important discovery that water is not a simple substance, that 
it is composed of two substances like a number of other compound 
substances. This was proved by two of the methods by which the com- 
pound nature of bodies may be directly determined , by analysis 
and by synthesis — that is, by a method of the decomposition of water 
into, and of the formation of water from, its component parts. In .1781 
Cavendish first obtained water by burning hydrogen in oxygen, both of 
which gases were already known to him. He concluded from this that 
water was composed of two substances. But he did not make- more 
accurate experiments, which would have shown the relative quantities 
of the component parts in water, and which would have determined its 
complex nature with certainty. Although his experiments were the 
first, and although the conclusion he drew from them was true, yet such 
novel ideas as the complex nature of water are not easily recognised so 
long us there is no series of researches which entirely and indubitably 
proves the truth of such a conclusion. The fundamental experiments 
which proved the complexity of water by the method of synthesis, and 
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of its formation from other substances, were made in 1789 by MongOi 
Lavoisier, Fourcroy, and Vauquelin. They obtained four ounces of 
water by burning hydrogen, and found that water consists of 15* parts 
of hydrogen and 85 parts of oxygen. It was also proved that the 
weight of water formed was equal to the sum of the weights of the 
component parts entering into its composition ; consequently, water con* 
tains all the matter entering into oxygen and hydrogen. The com- 
plexity of water was proved in this manner by a method of synthesis. 
But we will turn to its analysL'i— t.tf. t^ its decomposition into its com- 
ponent parts. The analysis may be more or loss complete. Either 
both component parts may be obtained in a separate state, or else 
only one is separated and the other is converted into a new compound 
in which its amount may bo determined by weighing. This will be a 
reaction of substitution, such as is often taken advantage of for 
analysis. The first analysis of water was thus cpnducted in 1784 by 
Lavoisier and Meusnier. The apparatus they arranged consisted of a 
glass retort containing water previously puri6ed, and of which the 
weight had been determined. The neck of the retort was inserted into 
A porcelain tube, placed inside an oven, and heated to a red heat by 
charcoal. Iron tilings, which decompose water at a red heat, were 
placed inside this tube. The end of the tube was connected with a 
worm, for condensing any water which might pass through the tube 
undecomposed. This condensed water was collected in a separate 
flask. The gas formed by the decomposition was collected over water 
in a bell jar. The aqueous vapour in passing over the red-hot iron was 
decomposed, and a gas was formed from it whose weight could be 
determined from its volume, its density being known. Besides the 
water which passed through the tube unaltered, a certain quantity of 
water disappeared in the experiment, and this quantity, in the experi- 
ments of Lavoisier and Meusnier, was equal to the weight of gas which 
was collected in the bell jar plus the increase in weight of the iron 
filings. Hence the water was decomposed into a gas, which wat 
collected in the bell jar, and a substance, which combined with the 
iron ; consequently, it is composed of these two component parts. Thia 
was the first analysis of water ever made ; but here only one (and not 
both) of the gaseous component parts of water was coUect-ed separately. 
Both the component parts of water can, however, be simultaneously 
obtained in a free state. For this purpose the decomposition is brought 
about by a galvanic current or by heat, as we shall learn directly.' 

' The flist experiments of the synthesis and decomposition of water did not ailordt 
however, an entirely convincing proof that water was composed of hydrogen and oxygva 
only. Davy, who investigated the decomposition of water by the galvanic ovrvi^ 
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Water b n bad conductor of electricity— that is, pure water does 
not transmit a feebla current ; bat if nny saJt or acid be diasolved la 
it, then its oonductivity increases, and on the paaeage of a current 
through acidified water' it is dccoviponsd into its component parts. 
Some Eulphnrio add is generally added to the water. By immersing 
platinum plates (electrodes) in this water (platinum is chosen because 
it is notaeted.on by acids, whilst many other metats are chemically 
•cted on by acids), and connecting them with a galvanic battery, it 
will be observed that bubbles of gas appear on these plates. The gu 
which separates is called lUlonaiiTiff gas,'' because, on ig-nition, it very 
easily explodes,' What takes place is as follows : — First, Iho water, 
by the wition of the current, lb decomposed into two gases. The 
. mixture of these gases forms detonating gas. When detonating gas Is 
I brought into contact with an incandescent substance— for instance, a 
lighted taper— the gases re-combine, forming water, the combination 
being accompanied by a great evolution of heat, and therefore the 
vapour of the water formed expands considerablj, which it does very 
rapidly, and as a conse<]ueDce, an explosion takes place — that is, sound 
ftnd increase of pressure, and atmospherio disturbance, as in the ex- 
plosion of gunpowder. 

In order to discover what gases are obtained by the decomposition 
of water, the gases which separate at each electrode must be collected 
separately. For this purpose a V-shaped tube is taken ; one of i(a 
ends is open and the other fused up. A platinum wire, terminating 
inside the tube in a plate, is fused into the closed end ; the closed end 



(koiigbl toe * loog lime that, beudii Ok guei, ui acid and olktti inn •]» obUintd. 
Bs wu aril wDvincid ot the tut thit wolai contaioa noibiiit; but hrilnig«n and aiygsn 
br a long urio oC nuuches which ifaowed bini that the appvaruica ol an acid uid 
■Ikoll in tho dKOmtHiBition a[ vtMt ^taoitit from the pieKnco ol {mparilias (eapeciallji 
Item the preaence ol amnoDiua nitrato) in water. A Seal ccFinpnbtiitioa of the com- 
pOBilion ol w»l*t ii oblaiDed tiom lbs nwurslo -dBterminivliDi) ol the qaantlti«t ol the 
oempoaent pvta which enter into its coP1t»4ition. It wiU be Han from thja how raonf 
data Ota ncuiuiy for proving (be umpocitioa of watei>~lbat ia, of (ha InnafDnnetions 
ot which It is eapabta. VHist hi» htea aoid ot waler rtfera (a alt other eompounda ; the 
Invaatigatien ot cKh one, Ibe entire proof of ita eompctitioti, cu only ba obtained bf Ihs 
acsomaletton ot $■ large niais of date relemog to it. 

< Thia goa ia collected in a voltameter. 

■ Id ordat (o obaerre thia aiploaion wilboot the alighteal danger, it ia beat to proceed 
(n the toUowuig manner. Some ■oapy watoi b prepered, ao that it «aily lorms toip 
babble*, and It ia poured into on iron trongh. In thia water, the end of a gaa-««duc[ing 
(dI» ia immBned. Tbie tube ia eooDacled wiU) any aollabla appiiraln', in which det«. 
naling gat ie erolved. Soap bnbblee, tnll of thia goa, ore tlicn termed. II the apporatni 
in which Iha gas [■ prodoeed be (ben removad (otheririae Ibe eiploaioa might Irave] i^ito 
Ihe interior ol the appontDi). and e lighted tepn be brought to the eoep bobtitea, a ynri 
■harp erploiion tohea pUee. The bubhlea ihoold ba omall la avoid any dangvi ; ten. 
•aeh oboul the elae of a pea, (DfiDo (o give » ahvp report. Ilka a tiiatol iboi 
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is entirely filled with water ^ acidified with ralpharie acid, and another 
platinum wire, terminating in a plate, is immersed in the open end. 
If a current from a galvanic battery be now passed through the wirea 
an evolution of gases will be observed, and the gas which is obtained 
in the open branch passes into the air, while that in the closed branch 
accumulates above the water As this gas accumulates it displaces the 
water, which continues to descend in the closed and ascend into the 
open branch of the tubes. When the water, in this way, reaches the 
top of the open end, the passage of the current is stopped, and the gas 
which was evolved from one of the electrodes only is obtained in the 
apparatus. By this means it is easy to prove that a particular gas 
appears at each electrode. If the closed end be connected with the 
negative pole — i,e, with that joined to the zinc— then the gas collected 
in the apparatus is capable of burning. This may be demonstrated by 
the following experiment : — The bent tube is taken off the stand, and 
its open end stopped up with the thumb and inclined in such. a manner 
that the gas passes from the closed to the open end. It will then be 
found, on applying a lighted lamp or taper, that the gas bums. This 
combustible gas is hydrogen. If the same experiment be carried on 
with a current passing in the opposite direction — that is, if the closed 
end be joined up with the positive pole {i.e. with the carbon, copper, 
or platinum), then the gas which is evolved from it does not itself bum» 
but it supports combustion very vigorously, so that a smouldering taper 
in it immediately bursts into flame. This gas, which is collected at the 
anode or positive pole, is oxygen^ which is obtained, as we saw before 
(in the Introduction), from mercury oxide and is contained in air. 

Thus in the decomposition of water oxygen appears at the positive 
pole and hydrogen at the negative pole,^^*' so that detonating gas will be 
a mixture of both. Hydrogen bums in air from the fact that in doing 
so it re-forms water, with the oxygen Of the air. Detonating gaa 

* In order to fill the tube with water, it w turned up, so that the oloaed end pointo 
downwards and the open end upwards, and water acidified with sulphurio add is poured 
into it. 

4 bu Owing to the gradual but steady progress made during the last twenty-flTe years 
in the production of an electric current from the dynamo and its trantmitiio& over oon- 
Biderable distances, the electrolytic decomposition of many compomnd bodiea hasacqoired 
great importance, and the use of the electric current is making its wsy into many chemical 
manufactures. Hence, Prof. D. A. Lachinofif's proposal to obtain hydzogaa tad oxygen 
. (both of which have many applications) by means of electrol]rsis (either of a 10 to 16 percent, 
■olntion of caustic soda or a 15 per cent, solution of sulphuric acid) may find a practical 
application, at all events in the future. In general, owing to their aimplidty, elaotrolytio 
methods have a great future, but as yet, so long as the production of an alectrie oarmi 
remains so costly, their application is limited. And for this reason, although certain of 
these methods are mentioned in this work, they are not specially oonaidered, the mon 
eo since a profitable and proper use of the electric current for chemical porpoeee r e qai w 
•pedal dectro-technical knowledge which beginners cannot be aetnmed to ha?% 
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eitplodes from the fact that the hjdrogea bams in the oxygeu nixed 
with it. It is very easy to measure the relative qo&ntitieB of one and 
the other gas which are evolved in the decompositio 
this purpose a funnel is taken, whose orifice 
is closed by a cork through which two platinam 
wires pass. These wires are connected 
with a battery. Acidified water ia poured 
into tie funnel, and a glnsa cylinder full of 
water is placed over the end of each wire 
(fig. 18). Oa posKing a current, hydrogen and 
oxygeu collect in these cylinder^, and it will 
«t^y be acen that two volumea of hydrogen are 
evolved for every one volume of oiygen. This 
signiSes that, in decoruposing. wat«r gives two 
voluuieaof hydrogen and one volume of oxygen. 
Water is also decouDposed into its com- 
ponent pArts by iKe ottton of heal. At the 
melting point of silver (960°), and in its 
presence, water ia decomposed and the oxygen 
absorbed by the molten silver, which dJs- 
■olvcs it so long as it is liquid. But directly the silver solidifies tho 
oxygen is expelled from it. However, this experiment is not entirely 
convincing ; it might be thought that in this case the decomposition of 
the water did not prooeed from the action of heat, but from the actioa 
of the silver on wat«r — that silver decomposes water, taking up the 
oxygen. If steam be passed through a red-hot tube, whose internal 
temperature attains 1,000°, then a portion* of tlio water decomposed 
into its component ports, forming detonating gas. But on posting 
into the cooler portions of the apparatus this detonating gas again re- 
unites and forms water. The hydrogen and oxygen obtained combine 
together at a lower temperature,' Apparently the problem — to aho* 
the decomposability of water at high temperatar«a — is onattunabl& 

thanlon, to aipodtion of the phixaplai ol •IscttotsehnoloCT u ipplisd U> the prodnnlkia 
«( obemioikl tnoifonutiDua. ilcbongh nlcrred to in pUcei. doe* not cama withia tlM 
MOp« of th« presenl work. 

^ Ah water u f ormsd b J Iho mDbiiutJon of orTgeo uui hydragen, with a ocnuidfliftblA 
etalulicm o( heit, ud u it ota mtio ba decompoHd, Uiw RUtion ii ft rsreniblB ana 
4uc iBUodoctinD), ud coiiKqacHt];r U •. bigh totnpcrUDn Um dvegmponiUaD olwaisr 
cumot be ooiDpIele— it la limited by tba <jpp<mta muiUas. Btneilj ipuiking, it U 
not known how much wiUie ia decompsMd at ft f^van tempa»tare,ii!UtaaghaiuiJ*Bort« 
(BuDwrn. ftod otbenl hm bwa nudo In Tuion* ditactiona ia Kilva tbia qnution. Not 
■mowing tha coafflcteDl of eqiBiuion, ud tlia ipaoiSc baat of (ua* at mch hifh Um- 
peTftturea. rendar 
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It WB3 considered ae such before Heori Sainte-CIairo Deville (in the 
fifties) introduced the conooption ot dissociation into cheniiatry, u of 
a change of chemical state rcaetnbliog ovapomtion, if decompotition bo 
Jilcened to boiling, and before he bad demonstrated the deconipo«a1>ility 
of water by the action of beat in an experiment which will presently be 
described. In order to dcmonEtrate clearly tho diuvctalion of wat«T, 
or its decomposability by hcnt, at a temperature approaching that at 
which it is formed, it waa necessary to Beparate the hydrogen from tho 
oxygen at a high temperature, without allowing the mixtnre to coot. 
DevUle took advantage of tho difference between th<» denaitie* o( 
hydrogen and oxygen. 

A wide porcelalii tube ? (tig. 10) is placed in a, furnace, which can 
be rai»d to a high temperature (it should bo heated with amatl pieces 
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of good cckfj. In [hi. !ij' •:. .■;■,■■'! ■ ■! i-i'>.> T. of 

«maller diameter, made of uiigtuicd earthen "are and therefore porous. 
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thiit U, luvlng ftoqoind tbe t«iiip«rHtiirb ol Ihs U 
K raollsn drop U iU end which t«U iaio oatir, STolved dltontting gM— tlut la, d»Dm- 
poMd WBlcr. It tfasialoie Follooi lll*t wiiMr tltetij decsmpoiei it lb* (snixntun ol 
IM lorautioD. At ttul lim*, thii (onned ft KiicnliSo puitdax i Uiii it (hill ohiilTiI 
onlj villi Iha development ol Iba concsplioni ol diiuwiiilion, introdtued IdM Mlenee 
bj Binrl Bftlnl«-CUiTa Deville, in 18S7. ThaH conuplioiii (orm u inpoctMil epoch 
Id tideDU, and their devalopmani it one ol the problem! ol modera eharalatr^. The 

Jul uavaUtilo liquid, at ■MrlaiDMni|Hr>lure.aiiaIi both uiili<|Diduidu a vtpoiiT. 
Blallul)' M • loUlile liqaid HtuimUi a ipnw, iltunlng iu nuimani laniion, to alM 
(hi ptDdueli ol diuociition hiT* Iheii muhnuin teniion, uid ddo lh»l i* atlalMd 
dBMm|«^tloii <»»•, jutt u evaporiUan ceusi. Under like oooditloai. If lh« r^onr 
Iw tllowod to etcikpe (imd (herelore iU partial pnuure ba diminiihod), evaporation t*> - 
oommeDeea, M alio il Iha ptoducti of dacompDiilian bo recioTsd, docoaipoutloa afklll 
DM aJmpla coociptloaa of diuociation Introduco inllnitelf TBjied «onM' 
Into ttt mochuilini dI cbmUo&l Tia< " 





THE COMPOSlTlOn OF WATER. HYDROGEN 



119 



The ends of the tube are luted to the wide tube, ami two tubes, c and 
o', are inserted into the ends, as shown in the drawing. With this 
arrangement it is possible for s gas to pass into the anuukr space be- 
tween the walls of the two tubes, from 'nhence it can be collected> 
Steam from a retort or flozb is passed through the tube D, into the 

if porouB lobe t. This steam on entering the led-hot space is de- 
composed int<i hydrogen and oxjgen. The densities of these gases are 
very dilFerent, hydrogen being sixteen times lighter than oxygen. 
light guea, as we saw above, penetrate through porous surfaces \ery 
niuch more rapidly than denser gases, and therefore the hydrogen 
posses through the pores of the tube into the annular apace very much 
more rapidly than the oxygen. The hydrogen which separatesout into 
the annular space can only be collected when this space docs nob 
contain any oxygen. If any air remains in this space, then tlio hydro- 
gen which separates out will combine with its oxygen and form water. 
For this reason a gas incapable of supporting combustion — for instance, 
nitrogen or carbonic anhydride — is previously passed into the annular 
space, Thus the carbonic anhydride is passed through the tube c, and 
the hydrogen, separated from the steam, is collected through the tube a', 
and will be partly mixed with carbonic anhydride. A certain portion 
of the carbonic anhydride wilt penetrate through the pores of the un- 
glazed tube into the interior of the tube t. The oxygen will remain 
in this tube, and the volume of the remaining oxygen will be half thai 
of tlie volume of hydrogen which separates out from the annular 
epace.^'-'" 

The decomposition of water b eOected much more easily by a 
method of substitution, taking advantage of the oibDity of substances 
for the oxygen or the hydrogen of water. If a substance be odded to 

to letum to Ihem *«; otbon- We nu; i^ Ibat Oravs bIm concluded tlut wilcr wn 
d«cam|K»od at > white hul, Icoia th> lul Uui he obuiasd delounling gu br ptiain^ 
ittBin Ibrough > tabe wikb » a-ica beuled (Uougly bj u cJecLrio current, uul tita by 
puling >teua o>ei molUn oiide o[ I»d, be obUined. on Hie ona hud, li[hug*|D oxide 
et lead miil oiygea), ud on Ihe olher, mgUUic lead lortasd b;^ lbs aotion □( hj'drogen. 

<"■ Put ol tbe oiygBDvill >lio|Kuctntc tbrougb the pom of the tube: but, uwu 

uJd belore, a mnch imaller quuitily Ihui Uie hjidtogen, uid ■> the deniit)' ol oxyg?n is 

sisteen timem greaUt than Ihui oI hydrogen, the rolnnia of oiygea which pMaei Ihtoogh 

T lb* poiolla walla will be toai liniei leaa Uuui tbe volume of hydrogen (Iha quauticiei ol 

•g through porooi walli an invenely propoitienal to lbs (quart nwli ol Iheii 

uitlei). Theoxygsn which aepanilci out into liia annnlu apace will coinblne, at a 

11 ol lempenlun, with ilia hydragsui but ai each vDlume e[ oijgen only 

I «iquirei two volnmea ol hrdngen, kUIiI at lout lour •olnnioa ol hydrogen will paaa 

Ihiough the pocona walla lor evtiy volumo ol oiygeD (hat paaae^ Iherelore, pad ol tha 

hydroKeu oill remain free, and can be soUecLed from lbs ansulu ipaee. A correipondinf 

auantlty ol oiygen remaining Irem lbs decompoiition ol the water out be collected faoM 

&• Inlamal tube, 
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water, which take* up the oxjgen And replaeea the hjdrogen— then ws 
•halt obtain the latter gas from the water. Thus with sodium, water 
givM hydrogen, and with chlorine, which U^ei op the hjdrogeo, 
oxygen is obtained. 

Hydrogen is evolved Erom water by many meteJs, which are capable 
of forming oxides ia air — that ia, which are capable of burning or com- 
bining with oxygen. The capacity of metals for combining with 
oxygen, and therefore for decomposing water, or fur the evolation of 
hydrogen, is very dissimilar.' Among metals, potassium and todiam. 
exhibit considerable energy in this respect The Grst occurs in potaiab, 

? In order to d«mooitn(a tht diflennce of the affinity of orygn for diffecnt 
olemaDU, it ia eooDgli ta compojo the amoanls ol fa«Al« vhich u<e flTolved Id tiuir mobi. 
BilioQ Kith IS puts bj weight ol oi;gea ; m the ctaa of eodinm (TheD St^ i* UxamS, 
or M puU of Ht coabioo vith 16 pull ol oijgan, KccordiDg (D BeketaB) 100,000 calotiM 
(at nniu e( bMt), ua ercilied, tor h^drogDij (ffhaa nut,H,0. ii fomwd)ae/MK)c«IadM, 
((B IroB (whm thi oxide F*0 i* formed) SB,000, ud if the oiida FegO, i* lormad, 
«4M0 okiTiM. lor ling (ZnO i> loimsd) Be,0(n Mloriei, tor teiul (when FbO it tonaad) 
nfiOO caloriH, (or copper (•beo CnO ii fumied) SS.ODO ulorias, imd for mennu; (HgO 
it tanMd) Sl/MU uloriei. 

Tbwa BglV" cuuul correipond directlj nilh lbs msgiutDde of the iffioitie*. lor Ihe 
phjiieiU tnd mKhudcil tide of the mittei ii very diSsrenl in tbs diOetenl riiw 
BydrogBB ii • gM, end, ineombining with oiygen, girei a liquid ; conMqnenUj It chengM 
iU pbf liul ■late, ud, in doing ao, evolvei heaU Bat liuo uid eopper are aolida, and, 
in combislDg with orygeii, gi'e aolid oiidei. The aiygeu, previon^ a gu, now pwan 
iob> * aolid or liquid italc aid, thanfore, alu mnsl liave giTon np it> lUra ol haat ia 
bntiiiig Dtidaa. Ai we ihall aftemaida tee, the degree of contnelion (and eodh- 
qnmtly o( meobanical work) wai ditfercnl in the different caaea, and thenloTe tha 
Eguna eipreHing Ihs hsat of cOBibinatioo cannot directly depend on the aSnitiea, e& 
(be lota ol inttmal enargy pieTiously in the element!. NeTertheleai. the egtmi abon 
a degree, with the order tn which the elemenla tttttd ia 
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r oijgan, 



in trot 



.mple.; 



in of whosa oaid* ia ae«om. 
ptnied by the greateal vtolntion of heat, ia able lo deoompoM all tha other oiidsi, taking 
gBD. In order to generoliie the eouHction between effinily and the eTola- 
abfoipUon ol heat, wtuoh la evident in iti general leatDrei, and wti firralj 
id by tha rsaearchei of FavTO and SIlboIIDan (abODb lUO). ud then ol Thomaon 
laik) and Butholol (in France), many iuTeBtigaton, eqiecially the one lait 
d.ntabliahedlhelawD/nuuimumnori. Thia HtateiUuilDlilylliOMehenucal 
II take place ol theti own accord in which the groaleal amoont cf Bhanuoa] 
I, potential) energy U tioniformcd into heat. Bui, iu Ibe enrt plaee, we an not 
. ^ '. ' _ ' m what baa been aaid abore, to dietinguith that boat which oorreaponda 
wiltl pnnily chemical action tram Ih* ania total ol the boat oburved in a reaction (in tha 
«alotimet«rJ ; ia the aecond place, there are evidently endoUtermaJ reaction! which 
pre Olid nndei the aamo ciicumtaiiceg ■• eiothennal (carbon bonia in the vaponr of 
Mtphw irllta abaorpUon ol heat, •rhUit In oiygen il evolvei luat) : and, b the thld 
plaea, Ihata are nrenible naoUoni, which when taking place in one diieclion e^T* 
hnl, ud when Inking p1*« in the Di>pa<il« dinxtion ibaorb it; and, tlMttfore. the 
jriadpl* ol maiimnni work in II* elunoilaiy lorm ia not lapported by aclenoe. But tbs 
is be deTalop«d, and will probably l««d lo a geoenl law, eoch u 
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the second in Boda. Thej ere both lighter than water, soft, snd euilj 
change in air. By briuging one or the other □( them in contact with 
water at the ordinary temperatme,' a quantityof hydrogen, correspond- 
ing with the amount of the metal taken, may be directly obtained. 
One gram of hydrogen, occupying a volurae of iri6 litres &t 0* and 
760 mm., ia evolved from every 39 grama ot potassium, or 23 grams of 
eodiuiD. The phenomenon may bcobserved in the following way ; a 
solution of aodinm in mercury — or ' sodium ama,lgam,' as it is generally 
«&Ued — is poured into a vessel containing water, and owing to its 
weight sinks to the bottom ; the sodium held in the mercury then act* 
OD the water like pure Eodium, liberating hydrogen. The mercury doea 
cot act hero, and the eamu amount of it as was taken tor dissolving the 
sodhim is obtained in the residue. The hydrogen is evolved gradually 
in the form of bubbles, which pass through the liquid. 

Beyond the hydrogen evolved and a solid substance, which remains 
in solution (it may be obtained by evaporating the resultant solution) 
oo other products are here obtained. Consequently, from the two sub- 
etancea (wat«r and sodium) taken, the same nnmber of Dew substances 
(hydcogen and the substance dissolved in water) have been obtained, 
from which we may conclude that the reaction which here takes place 
is a reaction of double decomposition or of substitution. The resultant 
•olid is nothing else but the so-called caustic soda (sodium hy- 
droxide), which Is mode up of sodium, oxygen, and half of the hydrogen 
contftined in the water. Therefore, the substitution took place between 
the hydrogen and the sodium, namely half of the hydrogen in the water 
was replaced by the sodium, and na evolved in a free state. Hence 
the reaction which takes place here may be expressed by the equation 

it* on it (owing Is its light- 
ol contiduBl moUon {cnring to ILe evolotion of hjdiogMi on 
Xhn water. Af olviDg fajdrogen, whkb cui b« 
load bj ui elplasioD shtjuld Lha Hodium etiek to 
L tha limited nuu of water inunedialdly ftdjjLCent 
dth No, H>gO, vbicb K(d on the vtler. eiolvliig 
ad tlu eipaimeal Bhonlci Iherefora be carried 
water by lodiiuD foay be better demanitratfl^ 
manner. Into a gUu cjUniec Oiled with met- 
alar !■ flnt intn-dnced, nhidi will, owing to its 
' of wdiom wiBPiMd in paper in intiodooed with 

'cury to the surface of the 
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all aidae], and immediately dv 

lighted. Thie eiperimeal ni;, Doivevei 

the wallaof the lesBel, and b«giii to act r 

to it (probably in thii cue NaHO (ono« 

much heat Aod nipidlj' fonniflg steam), 

OB. with caution. The decompnltioa ol 

and with greater lafety, in the foUowug 

cury. and immeraiid ia • toercuty bath, water !■ flnt intn-doced, w 

ligbtDcai. riH to the top, mi tima a piece of wdiam impped in pa| 

toFDepi into the cylinder. The metal iImb thiongb the moicuiy 

wslut, on which it remaina, and evoliea hydrogen, nbich coUecle 

■nay be tested litel the eiperiment haa beea completed. The lale 

Uiii eiperiment ia. however, a* follow*. The wdiuio (cleaned from 

It ia kept) ia either wiapped ia £na copper gauie uid held by to 

iMcape al the •nd of whkh a small coppsi cage' i* atUched, 

■ktv. The arolntioi) oj bjdragan goes <ia quietly, M>d il ma' 

JuudUMnlightod. 
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HfO + NasNaHO + H ; the meaning of this is clear from what hsM 
already been said.^ 

Sodium and potassium act on water at the ordinary temperature. 
Other heavier metals only act on it with a rise of temperature, and 
then not so rapidly or vigorously. Thus magnesium and calcium only 
liberate hydrogen from water at its boiling point, and zinc and iron 
only a red heat, whilst a whole series of heavy metals, such as copper, 
lead, mercury, silver, gold, and platinum, do not in the least decompose 
water at any temperature, and do not replace its hydrogen. 

From this it is clear that hydrogen may be obtained by the decom- 
position of steam by the action of iron (or zinc) with a rise of tempera* 
ture. The experiment is conducted in the following manner : pieces 
of iron (filings, nails, (Sec), are placed in a porcelain tube, which is then 
Attbjected to a strong heat and steam passed through it. The steam, 

* This reliction Ib vigorously exothermal, i.e. it is accompanied by the evolution of 
heat. If a sufticient quantity of water be taken the whole of the sodium hydroxide, NaHO, 
formed is dissolved, and about 42,500 units of heat are evolved per 23 grams of sodium 
laken. As 40 grams of sodium hydroxide are produced, and they in dissolving. Judging 
from direct experiment, evolve about 10,000 calories ; therefore, without an excess of 
water, and without the formation of a solution, the reaction would evolve about 82,500 
calories. We shall aftorwardti learn that hydrogen contains in its smallest isolable par- 
Uclea Hj and not H, and therefore it follows that the reaction should be written thus— 
l^a-i-2HfO"H2 + 2NaHo, and it then corresponds with an evolution of heat of +05,000 
calories. And as N. N. Beketoff showed that Na^O, or anhydrous oxide of sodium, forms 
the hydrate, or nodium hydroxide (caustic soda), 2NaH0, with water, evolving about 86,500 
calories, therefore the reaction 2Na'f HjO-Ha + Na^O corresponds to 29,600 calories. 
This quantity of heat is less than that which is evolved in combining with water, in the 
formation of caustic soda, and therefore it is not to be wondered at that the hydrate, NaHO, 
ts always formed and not the anhydrous substance Na^O. That such a conclusion, which 
Agrees with facts, is inevitable is also seen from the fact that, according to Beketoff, the 
anhydrous sodium oxide, NajO, acts directly on hydrogen, with separation of sodium, 
NaaO * Hs NaHO+ Na. This reaction is accompanied by an evolution of beat equal to 
tbout 8,000 calories, because Na^O + H^O gives, as we saw, 85,500 caloriea and Na + H«0 
•volves 82,600 oalories. However, an opposite reaction also takes place — NaHO + Na* 
Na^O -*• H (both with the aid of heat)— consequently, in this case heat is absorbed. In 
this we see an example of calorimetric calculations and the limited application of the law 
of maximum work for the general phenomena of reversible reactions, to which the case 
just considered belongs. But it must be remarked that all reversible reactions evolve or 
absorb but little heat, and the reason of the law of maximum work, not being universal* 
must first of all be looked for in the fact that we have no means of septfating the beat 
which corresponds with the purely chemical process from the sum total of the heat 
observed, and as the structure of a number of substances is altered by boal and also by 
contact, we can scarcely hope that the time approaches when such a diatinoUon will bo 
possible. A heated substance, in point of fact, has no longer the original energy of ite 
atoms — that is, the act of heating not only alters the store of motion of the molecolee 
but also of the atoms forming the molecules, in other words, it makes the beginning of or 
preparation for chemical change. From this it must be concluded that thermo-chemietry, 
or the study of the heal accompanying chemical transformationi, cannol be identified 
with chemical mechanics. Theimo-chemici^ data form a part of il^ bal Ihey alone oaanoi 
give it 
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ODitiingtiita contact with the iron, gives up ita oxygen to it, and thus- 
the hydrogen ia set free and passes out at the other eod of the tube 
together with undecomposed Bteam. Thiamethcid, which is historically 
very significant,"* is practically inconvenient, as it requires s rather 
high tecaperature. Further, this reaction, as a reversible one (a red- 
hot moss of iron decomposes a curr«ut of steam, forming oiide and 
hydrogen ; and a mass of oxide of iron, heated to redness in a stream 
of hydrogen, forms iron and steam), does not proceed in virtue of the 
comparatively small difference between the affinity of oxygen for iron 
(or lino) and for hydrogen, but only because the hydrogen escapes, aft 
it ia formed, in virtue of ita elasticity." If the oxygen compounds — 
that ii, the oxides — which are obtained from the iron or zinc, be able 
to pass into BoIutioD, then the affinity acting in solution isaddcd, and the 
I KBctiou nay become 'non- reversible, and proqeed with comparatively 
luch greater facility." As the oxides of iron and zinc, by themselves 

red'hol iron ; the intoe method hA% b«ed lued for mftlmig hydrogen for Oiling bftJlocma. 
Ad niide baving lh« compositiQIi FsjO, ■« fanned in ttie reaction, to thit it ia eipreswd 
br the eqution aFe + t^O - Fe,0,.f SH. 

" The KftctioD b«tw»ti Iian mid wftur (note 10) it rerenible. B; beating the aiids 
in b eoTTBDt of bjdrogen, wHtnr Ukd iron u« Dbtouiad. Prom tliia it foUowa, Fmoi the 
piineiple or ehemiml eqnilibrii, that if iron uid h^drogeo be taken, uid klso oiygen, but 

divide iUnU between the two; putol it nill combine wilh the iron uid the other |iut 
r with the hydrogen, but 4 pDrtton oF both will ramajD ia en UDCombined etatfi. 
I Hienfore, it iron end weter be placed in k doted tpu:«, decompotitiDn of the Witor 

will pro»ed on beetiog to the tempenture it which Ihereection HPe-ftUiO'FejOit^sH 
commeDcn ; but it CAeeee, doee Dot go on to the end, becaiue the conditione for % 
revej^e reaction ikre ett«ined, and a tttto of eqnflibriaia will eneue ef ter the deeompoeition 
of ■ certain qoutity or ntet. Hera tgaiq (iH note 9) the re>ertibilit j ii ccnoected with 
the •rnnlJ beet eflecl, and again both nttoliona (direct and revena) pmooei] at a red 
heal. But if. in the aboce.deecnbed leootion, the hydrogen etcapei a* it it eTDlTed.tbes 

Oiidieed b; the water. In Uiii we tee the etcmenta of that influence of ma« to-wbich wa 
thall bare ocuuion to Ktam later, With copper and lead there will be no deeompoaitian, 
either at the ordinary or at a high temperelura, becante the affinfly of tbeae mel^Ja For 
oxygen ia much lett than that of bydrof^eu. 

u In Eenenl. if reTcreible as well a> non.ravenible reactiona can take place belwMo 
•nbttancet ocliDg on each other, then, judging by our preient knowledge, the non- 
manibla reactioni take placvio the inajoiity olcuet, which obligee one to auknowledga 

S(4Zi)S0i. which takea place in eolntioni at tbe ordinary lemperatDre, la ecarcelyre- 
Toraihle under these condition*, bol at ■ certain high teinpeiatnn it becomu revertible, 
became at tbit temperalare liac lulphate and to] phone acid ^lit up, and tbe ac 
take place between the water and line. Prom tbe preceding pr 

which ore in tome caeet verified by experiment. II the action o[ aino ot iron on a toin- 
of ftulphurid acid preaaiata ■ non.rereraible Feaction, then we may by thia meana 
jn hydrogen in a Teiycompntted ttate, and compreaHtd hydrogen will oat act do 
L aolDtioDBor tnlpfaatet olUie aboie-named inetalB. Thii>ia>enSed in nality aaFar at waa 
] pouible in the ciperimeote to kew up the mmpreation or pnsann of tb« bydrogta^ 
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fciiolable in water, are capable of combining with (bave an affinity for) 
•oid oxides (as we shall afterwards fally consider), and form saline and 
aolnble substances, with acids, or hydrates having acid properties, hence 
by the action of such hydrates, or of their aqueous solutions,*' iron 
and zinc are able to liberate hydrogen with great ease at the ordinary 
temperature — that is, they act on solutions of acids just as sodium acts 
on water J ^ Sulphuric acid, H28O4, is usually choeto for this purpose ; 
the hydrogen is displaced from it by many metals with much greater 
boility than directly from water, and such a displacement is accompanied 
by the evolution of a large amount of heat'^ Whep the hydrogen in 

TboM meUlB which do not evolve hydrogen with acids, on the contrary, should, at least 
al SB increase oi presstire, be displaoed by hydrogen. And in fact Bronner showed thai 
§aaeoiia hydrogen displaces platinum and palladiam from the aqoeons solutions ot 
their chlorine compounds, but not gold, and Beketoff succeeded in showing that silver 
and mercury, under a considerable pressure, are separated from the solutions of certain 
of their compounds by means of hydrogen. Reaction already commences under a prea- 
•ore of six atmospheres, if a weak solution of silver sulphate be taken ; with a stronger 
sotetioo a much greater pressure is required, however, for the separation of the silver. 

^ For the same reason, many metals in acting on solutions of the alkalis displace 
hy dr ogen. Aluminium acta particularly clearly in this respect, because it* oxide gives » 
soluble compound with alkalis. For the same reason tin, in acting on hydrochloric acid^, 
•rolTea hydrogen, and silicon does the same with hydrofluoric acid. It is evident thai 
ia mch cases the sum of all the amities plays a part ; for instance, taking Uie action cl 
aiao on sulphuric acid, we have the affinity of sine for oxygen (forming sine oxide, ZnO), 
Ihs aflnity of its oxide for sulphuric anhydride, 8O3 (forming sine sulphate, Zn804), and 
Ihs attnity of. the resultant salt, ZnS04, for wateiv^ It is only the first-named affinity thai 
mU in the reaction betweenwater and the metal, if no account is taken of those forces 
(of a phyaico- mechanical character) which act between the mofeculea (for instance, the* 
•oheaion between the molecules of the oxide) and those forces (of a chemical character) 
which act between the atoms forming the molecule, for instance, between the atoms ol 
hy dr ogen giving the molecule H^ containing two atoms. I consider it necessary to' 
liBMili, that the hypothesis of the affinity or endeavour of heterogeneous atoms to enter 
into a common system and in harmonious motion {i.e. to form a compound molecule), 
BOit inevitably be in accordance with the hypothesis of forces including homogeneous: 
•loms to form complex molecules (for instance, H2), and to build up the latter into solid 
or liquid substances, in which the existence of an attraction between the homogeneous 
partides must certainly be admitted. Therefore, those forces which bring about ac^uticm 
must also be taken into consideration. These are all forces of one and the sams series, 
and in this may be seen the great difiiculties surrounding the study of molecular mechanics 
and its province — chemical mechanics. 

^* It is acknowledged that zinc itself acts on water, even at the ordinary temperature^ 
but that the action is confined to small majtses and only proceeds at ths sarfaos. In 
reality, tine, iu the form of a very fine powder, or so-called * sine dnsi,' is capable of 
dscomposing water with the formation of oxide (hydrated) and hydrogsn. Ths oxids 
formed acts on sulphuric acid, water then dissolves tho salt produced, and the action 
ocmtinues beoaifse one of tho products of the action of water on zinc, xinc ozide» is removed 
fkom the surface. One might naturally imagine that the reaction does not proceed 
directly between the metal and water, but between the metal and the acid, hot saeh a 
simple representatioq, which we shall cite afterwards, hides the mechanism of the resotiQO» 
and does not permit of its actual complexity being seen. 

^ According to Thomson the reaction between sine and a very weak solution d 
sulphuric acid evolves about 88,000 calories (xinc sulphate being formed) per 6S pails 
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^^^^^ nilptiuric acid is replaced by « raet*l, a substance is obtained which it 

r called a salt of aulphuric acid or a sulphate. Thus, by tha action of dno 

I on sulphuric acid, hydrogen and line sulphate ZnSOj,''"''* are obtained. 

I The latt«r is a solid subsbuice, soluble in water. In order that the 

I action of the motal on the acid should go on regularly, and to the end 

I it iK necessary that the acid should be diluted with water, which dis- 

I solves the salt as it is formed ; otherwise the salt covers the disIaI, 

[ and hinders the acid from attacking it. Usually the acid is diluted 
with from three to five timei its Totume of water, and the met&l is 




covered with tbU solution. In order that the metal should act 
rapidly on the acid, it should present a. large surface, so that a maxi- 
mum amount of the reacting substances may come into contact in % 
given time. For this porpcee the tine is used as strips of sheet ztnc, 
or in the granukted form {that is, sine which has been poured from a 
certain height, in a molten state, into water). The iron should be ia 
the form of wire, nails, iilings, or cuttings. 

br.weigbt of line; mad SO pvt> bj veigbt ol iron— which oombinB, like 85 puta bj 
■eight or unc. vilh l« ftita by night ol oijgsn— araln kbaat 1S.0DI) alariei jlonditig 
ttninii aolphate. Fa30]}. Pwelnu obmnad the ulion ot mctikli od tcidi ia th* 
•evEBlMBthccDlni^i bat it ou sol duIQ the oi^lHatb ccnUuT that Umeiydeterauaed 
Uul Uie f|u irhich is MolTsd in thii ulioD ii * putimbc one irbkh diflen from >ir 
■ud i* upible ot banuog. Eren Bojla «oafu»d it irllb nir. OtieDdiili ilcletmlniil Uis 
gIu«F projiertiis oE the gnA diicoTored b j PuHflUuB. At fint it wu cidl«d ' infliuvil«bl* 
■ii' : later, when It wh raMKnind that in bmnbig It gim ntflt. it wu uilcd hrdrogwi, 
bom thfi Greek wocdi for nt«r luid gennaloT. 

'^"' ll.when the aalpbario mid it paondaraithe tine, tha eiolutiDa ol thahjdnfMi 
prowcd too eIowI;-, it lujbegnatlf ucelsnted by adding auiuJt quBtitrafiiiDlattos 
ol CbSO, or Pici. to Ibe odd. Th* teuion o! IhJB is tlplainsd in Chop. XVI, ■»(« I0»^ 
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The (unal method of obUiaiDg bjrdrogen U m foUowi : — A oePtaln 
quantity of gnnuUted sine i> put into m double- necked, or Woulfe'sr 
bottle Into one neok a funnel is placed, reaching to the bottom of 
the bottle, ao that the liquid ponred in may prevent the hydrogen from 
«Kapii]g through it. The gas escapee throngh a special gas-condacting 
tube, which ii 6nDly fixed, bj a oork, into the other neck, and ends in 
a water bath (fig. 20}, under the orifice of a glass cylinder fall of 
water." If sulphuric acid be nov ponred into the Woulfe's bottle it 
will soon be seen that bubbles of a gMs are evolved, which ia hydrogen. 
The first part of the giis evolved should cot be collected, as it is 
mixed with the air originally in the apparatus. This precaution 
AhoiCd be taken in the preparation of all gusee. Time must be allowed 

^' Ai UbontoTj «]ip«rimBDti with guet require ft oertuD pntiminuy knmtcdget w« 
will de«riba certaio practical vtetKoit for tht coUtctian and prrparatioti of gata. 
Wlwn in Ubontocr pnctioa mo isteimilteDt lapply of bjrdngm (oi olbei gH which la 
«mlnd wlthoet Um iJd of b*«l) [• rsqoind Uw tppiursUu rqmMnUd in Bg. SI ii (ha 
RMMt coBvanient. It ooniut* of two bottles, hATing orifloee At the bottom^ in which 
«c*ks with tnbM u« pluad, tnA thtaa tab** in eonnaoted bj u india-rubbei tab* 

jifanrio Mid in lb* olhu The nadi ol the foimcr 1* cloMd hf a oork. whieb la fltled witb 




k It l\\r. two botllea an connected with ««cli 

acid wJI flow to ths linc and sTolve hjdrogan. 

1 will (on* ont (he acid Iroin the bottle contKimng 
•m-K. Or tlie TOMl contiinjiig the uid at.] be pliiced ■* 

arid veaaut aiay bo placed on a higher leiel than the other. 



In Ikboratory pnctia 
eiluiiabing. collecting, uid holding gi 
atfinUir ainallji caaaitta ol a vcuel 



itber fon 






inanjlj eoplo^ It* 
i cite the moat ttaoal tomu. Aa 
ilnpcock at the bottom. A atoBl 



with water to the oork and lh« botlom atepoook ii ap«D*d) thSB tba 
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fbr the gas evolved to displace at! the nir from the apparatus, otlierwise 
in («stingthe conibustibilitj of tbe hydrogen an explosion maj ocour 

wUa wij] TDD out uid disv gu In. Far tliU purpou Iho gtua lube it comiected wiltl 
ilw mppftnlOB from vhich it Udeaind to pump out oroihaait the gas. 

Tha ABpintor FepresoDted in 6g, 22 may bo recoinmended lot Ha ODnllaaDO* 
acUou. It coBBista ol- > tabs d which widens out »l the lop, Iha loitar fitt buug loag 
•bd olxitni. In tbe opaodid appef jurlioD e, two tubai are wdsd j oaa, a, for dnwiig 
Id the gHi '"l^'lil llieoUuiii b,is cooiwctiid to thewttet lupplju. Iha iuuoiuit o( «•(«* 



i 




•applied thf ongb Ihs tub* t must bo Iebb than the amonnt which can bo curled off bf 
the lube d. Owing to th<> the water in the tube d irill flan throngh It la ojllodan 
alturaatiDgtrltheylindinotgu. which 'ill be thuBCuried away. The gaa wbloh ti diaws 
tbniagh may be collected bvm the end of the lobe il. bnl thli fonn of puinp la nniallf 
•nplojed vhere the aii or gaa aipiralad la not (o be ooHecUd. U Iha lube d ii of coB- 
■idanble length, la; 40 ft. or more, • lery fair vaeaum wil] bv pndDCed, the amoonl el 
«Aieh ia ihown by tbe gaug« ; i II !• oIUd uaed lot fiUeniig under redueed pnNme, U 

*^ 
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from the formation of detonating gas (the mixture of the oxygea of tha 
air with the hydrogen)." 

■bowD is tho figure. II wstai be nplaced b; laereiiTT, and Iba length at Uw tuba d b» 
gr»l«r than TfiO mm., Ibe aspirator may be emgilayed u an aii.pomp, and alt tfas air 
ma; be eibaiuted from a limiled apace: loi inElAiiGi>, by conQeclmg g with a belloir 

re often used for colkctiog and holdu 
. Tbe DBOa] [aim ii Bheva iu Bg, 

'I.e., iiDperTioTU to gaaea — and is filled wilb walec. & [uiuiel la 
ssel <no tevenl aopporte). The veaiol B oammanlcBtei with tho 
bottooi of Ibe fuiuiel by a ilopcoak b and 
a tobe a, reaobing to the bottom of the 
TeUL'l B. U water be pooled into the 
funnel and tho fltopcocki a aad b opened, 
the walei' will roD tbrongh a. and the ait 
etcape from tbe vc9«et £ by b.. A glaM 
tobe/nuw upthesideol the waielfl, with 

bom, and ahowi the amount of water and 
gai the gaaholder ooutaina. In ardor ta fill 
the gasholder irith a gaa. it ii fint OUed 
with water, the Docki o, 6 and c ue cloaed, 

tube couducliog tbe gu fron the apparattu 
in whicli It IB geoeratcd it p«M»d into d. 
Aa Ibe gng filli the gaiholder, the water 
runt ant at d. It the ptniDn of a gaa b« 
not greater tbui the almospberio preanue 
aiid it be required to collect it in tbe ga*- 
bolder, then the elopcock e 'm put iuto 
eomniuuLiiation with the tpoce cautaining 
the gat. Tben, having opened the orifice 
d, the gathulder acts like an aspirator; th* 
gas irill pau Ihroogb t, and the water rua 
ODt al d. U the oockt be eloied, the g«a 
collected m the gaaholder may be easily 
LBporled. If it be detired 




nsler 



I, b and d doHd, and the 

la being greater than tbe 

d into tbe funnel. II it 

water and uiTCited io 

in through a, and the 



then a gas.ronduetiag tube ia attached to e, 

gaa will then pan out at c, owing la ill pretsu 

•tnuHpberie prettare, due la the preainn of the waUr poureC 

be M^Dlred to fill a oylindei or Saik with the gai, it u filled wil 

the f nonel, and the alopcoeln b and a opened. Then water a ill 

gat will ettape from the gatholdei into tbe cylinder through (. 

I' When it ifl required to-prepare hydrogen in Urge quantitiei for flIUng balloona, 

capper reuett or wooden caikt lined with lead are employed ; they •» filled with torap 

iroo.oterwhichdilBleiulphnricaeid ia pound. The hydrogen genaratid trom a nnoiber 

oleaaln ia carried Ihroogh lead pipei inlo ipecial caeke containing water |in order to cool 

(he gaa) and lime (in order to mnore acid lumea). To aioid loeiot gas all the JoioU ar| 

node benoelically tight with cement or tar. In order to fill hi> gigantto balloon (of 

•UWO cnbie metra capacity). Oillard, in IS7S, wntlmcled a cumpticaled ifiliaraliu tor 

*t^ a mntlnuout eupplf of hydrogen, in which a mixture of tnlpburic acid and water 

-ntinnally run into veeselfl oantaining iron, and from which the tolution of irou 

fanned wu wntinDally drawn oB. When coal gai, eilncled fnm coal, ia 

lot lltling balloon*, it thonld be at lighl, or aa rich in hydrogn. at poatibla. 
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Hydrogen, besides being contained in water, it »1so cootained in 
iDMiy other substances," and may be obtained (rom them. AsexamplM 
of this, it may be mentioned (t) that a mixture of formate of sodium, 
CHNaO), and caustic soda, NsHO, when heated to redness, forms 
■odium carbonate, NajCO^ and hydrogen, H] ; " {2] that a number cA 
organic substances are decomposed at a red heat, forming hydrogen, 
omoug other gast:*, and thus it is that hydrogen is contained in ordinal^ 

Charcoal itself liberates hydrogen from steam at a high tempera- 
Core ; ^ bat the reaction which here takes place is distinguished by « 
certain compleKity, and will therefore be considered later. 

The properlifa of hi/drogen.—UjArogBD presents us with an example 
of a gos which at first sight does not difier from air. It is not sur- 
prising, therefore, that Paracelsus, having discovered that an at-riform 
Bnbstance is obtained by the action ot metals on sulphuric acid, did not 
determine exactly its diflerenco from air. In fact, hytfrogen, lilie air, is 

For (bit rettoa, oul; (ho lust imrliiMis □! tbe gu coiuiiig IroRi tha ntarts Ere coltHted, 
%od, beftidsB thia, it ii tfacu BDiflrtiinn pBAavd througb red'hot Tvmla, jn order Bo 
dtcompoH Uh) hTdiinarUini u mDcb >• pouible ; chuvod in depoaiM in Uu nd-hot 
rcueli. uid liTdngta resuUii u gu. Caul gu msj bo ftl furlbot enriched Id hydro- 
gan. and coBseqDODU]' midered lighter, by iwuing il over >n ignited laiilun ot cliim*l 
and lime. 

L. Hond (Loodon) pit>po«et to mkna^ture hydrogen on a Iftrg? BCntv from wtt^r gM 

. dm infra. i.Bi Chiptm VnL uid IX.), which eouloiua a mixtnie ot oiide ot orbon (CO) 

L iod hjrdrogon, uid is produevd by the action of ■team upon incaodekceut coke (C *■ HfO 

■ ■kC04 H^ He deatroyH the oiide ol carbon by eonvfirting El iolo carbon and c^rbonis 

I iMBhydrida (SCO aCi-CO^, which iaeaailydcnHi by DHomal ineandeiciint, Bnely.dlridel 

nalallie niolnl ; the earben then remaiBa wilh the nickel, ftom which it may be nmevai 

1>y burning it in air, and the nickel can then be naed over again (•«• Chapter IX., Not* 

flibfi), Tbe CO, formed ie remored from the hydrogen by paaaing il through milli at 

lime. Iliia proteH ihonld apparently gire bydrogen on a large icale moro eKmomicallj 

ihao any of the method* hiUwrta propowd. 

<• 0( tbe metalt, only a very lew cambinu with hydrogen (for eiample, aodinra), 
■nd give aubitaBcei which are eeaily decompoKd, Ol the non-ine(a1>. the halogen* 
(fluorine, chlorine, bromine, and iodjuej moat «w]y form hydrogen coiupotuidBj of Ibeie 
Ike hydrogen componnd ol chlorine, and still more that of flnorine, ii (table, whiM 
Iboae of bromine and iodine aM eaajly decompoHd, especially the latter. The otbet 
BOn-metali — tor ineUnoe. aulphor, carbon, and pIu»phonw~-givo hydrogen eompoundt 
ol different compoiition and propertlei, but they are all leaa (table than water. Ths 
DBmber at the durbon coaponuda of hydrogen la enormona, bat then are very l«w 
•Bong tfatm whiah are not decompoied, with aepantion ol the cuboa and hydrogen, al 
• ndbeal. 

>• The reaction eiprcuod bj the eqoaUoD C>IaH0i4-NaB0*CK(«0] + B(majKl 
•Heeled In a glasa *eaHl,like tbe deconpoalUoD o( coppei cubonalo of maronqrinldl 
(tee IntcoductloB) ; it It non.ieTenIble, and lakee place inlbaDt the pmeaM ol valat. 
and Uuuelore Fictat (u« later) made naa of it lo obtain bydngeD ander great pnMim. 

•• Tbe Kaetion between charcoal and auperfamted ateun il a double one- thai hk 
Ibere may be tomied eiUwc CMtooic olide, CO (aeoording to tlia equation H,0+g 
■Bt+CO), 01 carbonic anhydride C0| {aacordtng to the equation Illi0 + 0-1H,+CO|K 
•od the reaulting miiture i* calkd H»ir«r-^i-, we ehall apeak ol it In ChaptM DC. 
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colourless, and has no smell ;*^ but a more intimate acquaintance with 
its properties proves it to be entirely different from air. Tlie first sign 
which distinguishes hydrogen from air is its combustibility. This 
property is so easily observed that it is the one to which recourse is 
usually had in order to recognise hydrogen, if it is evolved in a re- 
action, although there are many other combustible gases. But before 
speaking of the combustibility and other chemical properties of hydro- 
gen, we will first describe the physical properties of this gas, as we 
did in the case of water. It is easy to show that it is one of the 
lightest gases.^^ If passed into the bottom of a flask full of air, 
hydrogen will not remain in it, but, owing to its lightness, rapidly 
escapes and mixes with the atmosphere. If, however, a cylinder whose 
orifice is turned downwards be filled with hydrogen, it will not escape, 
or, more correctly, it will only slowly mix with the atmosphere. This 
may be demonstrated by the fact that a lighted taper sets fire to the 
hydrogen at the orifice of the cylinder, and is itself extinguished inside 
the cylinder. Hence, hydrogen, being itself combustible, does not 
support combustion. The great lightness of hydrogen is taken advan- 
tage of for balloons. Ordinary coal gas, which is often also used for 
the same purpose, is only about twice as light as air, whilst hydrogen is 

n Hydrogen obtained by the action of zinc or iron on stilphuric acid generally smells 
of hydrogen sulphide (like rotten eggs), which it contains in odmixtore. As a role such 
hydrogen is not so pure as that obtained by the action of an electric current or of sodium 
<m water. The impurity of the hydrogen depends on the impurities contained in the 
tine, or iron, and sulphuric acid, and on secondary reactions which take place simuU 
taneously with the main reaction. Impure hydrogen may be easily freed from tho 
imparities it contains : some of them — namely, those having acid properties — are absorbed 
4>y caustic soda, and therefore may be removed by passing the hydrogen through a sola- 
tion of this substance ; another series of impurities is absorbed by a solution of merourio 
ehloride ; and, lastly, a third series is absorbed by a solution of potassium permanganate. 
If absolutely pure hydrogen bo required, it is sometimes obtained by the deoomposition 
of water (previously boiled to expel all air, and mixed with pure sulphuric acid) by the 
galvanic current. Only the gas evolved at the negative electrode is collected. Or else, 
en apparatus like that which gives detonating gas is used, the positive electrode, however, 
being immersed under mercury containing zinc in solution. The oxygen which ie evolved 
at this electrode then inunediately, at the moment of its evolution, combinee with the 
sine, and this compound dissolves in the sulphuric acid and forms sdnc emlj^iate, which 
remains in solution, and therefore the hydrogen generated will be quite free fhun oxygen. 

^ An inverted beaker is attached to one arm of the beam of a tolerably sensitive 
balance, and its weight counterpoised by weights in the pan attached to the other arm. 
If the beaker be then filled with hydrogen it rises, owing to the air being replaced by 
hydrogen. Thus, at the ordinary temperature of a room, a litre of air weighs about \-% 
gram, and on replacing the air by hydrogen a decrease in weight of about 1 gram per 
litre is obtained. Moist hydrogen is heavier than dry — for aqueous vapour is nine tioiee 
heavier than hydrogen. In filling balloons it is usually calculated th^t (it being impoe- 
tible to have perfectly dry hydrogen or to obtain it quite free from air) the lifting foioe 
4ae to the difference between the weights of equal volumes of hydrc^en and air IB O^vsl 
to 1 kilogram (-1,000 grams) per cubic metre (« 1,000 Utres). 
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14^ times lighter than air. A very simple experiment with soap 
bubbles very well iiluEtratea the application of hydrogen for filling 
balbcms. Charles, of Paria, showed the lightness of hydrogen in this 
way, and constructed t, balloon filled with hydrogen almost simul- 
taneously with Mocitgolfier. One litre of pare and dry hydrogen** at 

° The deniitj ol hjdrugen in rdiktioa to the sir luu besn lepetteillf delermiDBd b^ 
ucnnU eiperimonlB. Tbe Gnt dotBiminition, made by LiToiuer, wunot itrj DUli 
tokioc thi dsuBilj of ui u anitj, he obUinei] (M)7e9 lot ttul ol Lfikoiten— tbi^t i*, 
fafdngw u Ihlnani time'i Ughtei tbu air. Mora ueonta detonniDiilioiu us doe ta 
TboiDWn, vbo obtainnl the flgore 00003 ; BeruUiu ind Duloag, who obUiDed D'OOBS ; 
and IIdiiu* lod BonsBingMll, who obuinsd OOWtll. Jteguolt, tnd mon ncaodj Lo 
Daa {ISSn), took tiro tpham of oanajdenble cftpacitf, vhioh oontained eqq4d Tolame* ol 
iui (thui avoiding the nooeiiity ol vxj eortection (or weighing iham in »ii). Both apherei 
were UUched to Uie Kale pun of ■ bktiuioe, Os« wh Hitlad up, ud the oltau &n( 
weighed emptj ind Ikea tail <tt hjdngen. Thui, knowing ths waighl of tbo brdtogan 
filling the gphere, ud tbe upicit; of the (phere, it wu hit *" ^^ *^ wei^l nl ■ litre 
ol fardcngea; and, knowing the weight ol ■ litre of aii ■* the unw tniqiarktnta ud 
pmeuK, it wae euy to «m1cnUte the denailj ol hrdragan. Rfcnult, by Uwea elperl- 
mesli. raand the avengo denglti ol hTdrogm to b« DilMHM In nUtlall to nii; lie Doe, 
^OKiS (with m posiible enoroF lOOODOlJ, uicl thii Uttsr Bgnre mnlt now be looked upon 
M iHftr to the tnith. 

In tiati work I •hell dwsj* relet the densitie* ol all gam to hjdroeeD, and not 
lo air ; I will Iharefon gin, loi tbe anke ol cleamcH, the weight ol a litre of dry pnia 
lirdiogen in gnml at a temperature i" and oadvr a pnmnr* H (meanred in millimelm 
ol memilry at 0°, in lat. 4t°). The weight ol a litre ol hydrogen 
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For a^roaauti it ia very naefiil to know, beeidea tiui, the weight of llie air at diltorent 
beighta» and I therefore inaen the adjoining table, eonalfBcted an the baaia of Glaiaher'a 
dMa, lor the temperature and moiiture of the atmoaplwrie atrata in dear weather. All 
the flgom am given in tho natriaal (j>Bt«a — 1,000 mlUiiBBtm ^ 3S*ST inehea, 1,000 kibj. 
gMmcttMUTS Ibi, 1,000 cable meliea-SI,lie-fl eobicfeet. The atarting tempentDio 
at tlia earth'a inrface ta taken a* ~ ll>° C| its nuiielara 90 p-e, prtaanto TSO milliiiietna. 
Tlie preuurea are taken a* indicated liy an aimut'il baromtUr, oaenmsd to be corrected 
at Ike aea lerel and at Ut. 4S°. II the beigbt abore tbe leva] of fbe tea equal • kilo- 
Botrea, then the irdght of 1 cnbio metiB ot aii may be approiimttdf talian aa 1-931— 
O'ISt cD'OOS??!' kiltfiam 
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AithoDgb the SgorcB io Ihii table are calculated with every poa^la (an Iran BTenes 
data, yet they uui ool; be taken approiimatoly. lor in aveiy aopu-ato caee Ibe camditiaHh 
Itolh at Iho earLb'a snrfaca and in tbe atmoaphen!, will differ Iiem IhoM turn taken. Is 



182 PRINCIPLES OF CHEMISTRY 

0® and 760 mm. pressure weighs 0*08986 gram ; that is, hydrogen Is 
Almost 14^ (more exactly, 14*39) times lighter than air. It is the 
lightest o! all gases. The small density of hydrogen determines many 
remarkable properties which it shows ; thus, hydrogen passes exceed- 
ingly rapidly through fine orifices, its molecules (Chapter I.) being 
endued with the greatest velocity.'* At pressures somewhat higher 
than the atmospheric pressure, all other gases exhibit a greater 
compressibility and co-efficient of expansion than they should accord- 
ii^g to the laws of Mariotte and Oay-Lussac ; whilst hydrogen, on 
the contrary, is compressed to a less degree than it should be from 
the law of Mariotte,'^ and with a rise of pressure it expands slightly 

eslouUting the height to which a balloon can aecend, it is evident that the deneity of gat 
lA fetation to air must be known. Thiit density for ordinary coal gae is from 0*6 to 0*85, 
i&d for hydrogen with its ordinary contents of moisture and air from 01 to 0'16. 

Hence, for instance, it may be calculated that a balloon of 1,000 cubic metres capacity 
miSd with pure hydrogen, and weighing (the envelope, tackle, people, and ballast) 727 
kUograms, will only ascend to a height of about 4,950 metres. 

** II a cracked flask be filled with hydrogen and its neck immersed under water or 
msieury, then, the liquid will rise up into the flask, owing to the hydrogen passing 
through the cracks about 8*8 times quicker than the air is able to pass through these 
etaoks into the flaak. The same phenomenon may be better obserred if. instead of a flask, 
a tube be employed, whose end is dosed by a porous iiubstance, such as graphite, unglazed 
•Afthenware, or a gypsum plate. 

*^ According to Boyle and Mariotte's law, for a given gas at a constant temperature 
the volume decreases by as many times as the pressure increases ; that is, this law requires 
that the product of the volume v and the pressure p for a given gas should be a constant 
quantity: po»0, a constant quantity which does not vary with a change of pressure. 
This equation does very nearly and exactly express the observed relation between the 
▼Glome and pressure, but only within comparatively small variations of preseure, density, 
and. volume. If these variations be in any degree considerable, the quantity pv proves 
to be dependent on the pressure, and it either increases or diminishes with an increase 
cf pressure. In the former case the compressibility is less than it should be according 
to Mariotte's law, in the latter case it is greater. We will call the first case a positive 
ditorepancy (because then d{pv)'d(p) is greater than sero), and the second case a 
OSgative discrepancy (because then d(pv) /d{p) is less than lero). Determinations made 
by myself (in the seventies), M. L. Kirpicheil, and V. A. Hemllian showed that all known 
gases at low pressures^i.f . when considerably rarefied— present positive disorepanciea. 
On the other hand, it appears from the researches of Oailletet, Natterer, and Amagat thai 
all gases under great pressures (when the volume obtained is 500-1,000 timet lest than 
under the atmospheric pressure) also present positive discrepancies. Thus under a pret> 
sure of lt,700 atmospheres air is compressed, not 2,700 time*, but only 800. and bydragen 
1,000 times. Hence the positive kind of discrepancy is, so to say, normal to gasea And 
this is easily intelligible. If a gas followed Mariotte's law, or if it were compressed to a 
greater extent than is shown by this law, then utfder great pressures it would attain a 
density greater than that of solid and liquid substances, which is in itself improbable and 
even impossible by reason of the fact thst solid and liquid substances are themtelves but 
little compressible. For instance, a cubic centimetre of oxygen at 0° and under the at* 
mospheric pressure weighs about 0001 4 gram, and at a pressure of 8,000 atmosph«rM 
(this pressure is attained in guns) it would, if it followed Mariotte's law, weigh 4*9 grams 
«>tlial is, would be about four times heavier than water— and at a pressure off lOyOOO 
atmospheres it would be heavier than mercury Besides this, positive diserepaadw an 
probable because tlie molecules of a gas themselves must occupy a certain volume. Cob- 
aldering that Mariotte's law. strictly speakings applies only to the intermolecular tptMb wm 
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few than at the atmospherio prucsure." However, hydrogen, lika 
hit »Did many other gates which are permanent at the ordinary teni- 

atBondflnUnJ the aeMuilyof potlClvBdJunpLacifla. If «« deu^mtte thv iroltunfl of Um 
nalei!iilu(it4gubT6(likBnDilu WulB,tHClwp. L.NateStl.lhaniluiDBl bciiipeiil«d 
Ikup lu-ijmC UtBcept'O-tl^.wl^cb eipnuei * poiitiia dimvpuno;. SsppiHlDg 
tbat ht hjdfogoijwo l/WO. *1 • fttuan otootaettt of mmnrj, KcaidiDg In tb« i«ulM 
iilBig;uB]l'>,Amigit'i,mDilNiUtc(M'mparlnuB(i.vaobl>id ftu>p[iraiiaaI«];0TidO« 

Thn* thl inonus ol pv with (ba incnue ol prruiin nlat b« coniidircd u th> 
aonul Uv of tlie oomprvulbilily of gaui- Hydrogfiu preBaDU ■Dcli ■ potitfve comp 
■ibUitj it ill pnHDcei, for It pnHoU poailJTe diKTepKnciaB from Uuiotte'i Uir. uck^ . 
tag to Regiuolt, at hll pniiant abon tha atmoipberifi pHMDrc^ HrnM bf^rogan ^ .fl 
10 UuT,ipertecCg>i. No otbir gaa bsbiiTn ao limpE; witLi a chaaga ot prraiDK. AH ] 
otbat guoi at preinma InXD 1 (o SO abnoapbana pnaent negiktiva dJacnpaaciea—Uuil 
It, thai an Iban oompreued la a giaaler degiaa thu tboald folldv from Uariotta'a law, 
' aaot Regsanit, whlcb oan variArd obrn nptated by 
lumple, on ehanging tb« pnuon from i to 30 metrei 
01 inanniTy—uiat ii, od mcnaiing tba pnaaon ftva timei— tJia nilDDM only daCTsMod 
«-93 tlmaa wban bjdrogea ima takao, aad 5^09 wban air waa takfliL 

The poaitira diacnpanci^a from Iha lav at loir pntauraa am of particular iDtareat, 
and, acnrdbig to tbe abora- mentioned deteminaliona made bf m]rwll. KirpichaS, 
and HiwullaB, ud verified Iby lno methodtl hj X, D. Kriei-itcfa and Prof. iUmaaj 

inlo a liqEUd atLte> luch as carboiua and BulphurouB aubjdndoal. Thcte diacrepaudaa 
appTOKb tha cate of s very higb ran-laction of gosei, whgrn a gaa la oear to a condition of 
taaximlun diBp«nion of 11a raaleovlea, and parhapa prvaenta a paaaajra toward! the aol^ 
(tance termed ' InmlniTeiaul etber * which lllli ap InlerpluieUry and intenleElat ipac*. 
It ire auppoae that gaaea are rarefiabls to a deflnile limit onlj. hating attained nhlob 
they (like tolida) do Dot alter in Tolome witll a dacnaie of preatute. then on the 
hand tha paitaga of the atmoat>hare at its apper limit* into a hemogeneona ethe 
Bediunib«omeicompTelunubte,uidon theolherhandit wooldbe tipoclod thutguw ! 
noald. in ■ lUla of high rartlution (i^, when unrill nianei of guea occapy Ui(> 
Tolomea, or whan fnrtbeit Temoved from a liqnid atata). praaaat poaitivo diacrepanciaa 
from Boyle and Marlotte'a law- Our preient acqoaintAnce vith this provinco of highly 
nnAed gaaii li vary limited ibecanie direct meunrementa are aiiwediDgljr difficult to 
niaka, and are hanil<and by pOBiiblo erron of experiment, Hhich may be ciinsiden.bta|. 

To the three atatei ot matter (Bolid. liquid, and gaieoua) it i» evident a lourth ninit yat 
be added, Iba ethereal or ultm gauooa (aa Crookai p[Opoaed|, underetuiding by tbia, 
matter in lie bigheal pouible atala ol nrafaciion. 

" The law otOay'Luitac itateathal all gaieiinall condition! preaentone coalBoient 
ol eipaniion D-OOBSTl that ia, when hnted from 0° to 1<M° they enpand like aii, 
namely, • thousand rolomea of ■ gaa meanind at 0° will ocoopy IMT Tolomea at lOD" 
Begnault, abool IBID, ahowed that Oay-LnnKC'a law la not entirely coirecl, end thit 
dilTerent gaan, and alao one and tbe nune gaa *I diSeml proaorea, have not quite til* 
aame coeSi^ienla of eipvuioD. Thna the axpaiKian ol ait balwoan 0° and 100^ ii OUI 
tUHler the ordinary preaaure of one ntmaaphere, and at time atmoapberea it ib O^STl, tho 
cnunaion of bydngen ia O'&M, and of izarbnnic anhydrido 0*97- Begnanlt, howerer, did 
not directly datermina the change of volume between 0° and 100°, but meainrcd tbo 
mialioo ol lenjion with the change of Umpuraluie; bnt iince gaaea do not entirely 
(ollow JUrioKe'B law, the change ol volnmo cannot be diriKtly judged by the vanalion 
«l lenaion. The inveitigationi carried on by myiell and Kayuider, aboot 1870, iliowod- 
(he nriation ol volame on heating from D° to ]0a° nndei a conatant preaanie Theaa 
Irmligallona confiimsd Rejnaulfa concluaion thai Oay-Lonao'i law i> not entiirij 
correct, and (nrthet ahowed (IJ that tbe eiponiion par Toluroe from 0° to lOO'nndera 
pteuuie ol one atmoipbero, for air -IWM, lor hydrogen =0-wn, loi earbonio anfaydrid* 
-O-BTS, for hydrogen bromide ■^O'SBa, Sic; 1.3) that for gaict ahich arc mDreromprefc 
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perature, does not pass into a liquid state under a very considerable 
pressure,'^ but is compressed into a lesser volume than "would follow 

siblo than should follow from Mariotfce's law the expansion by beat increaaet with tho 
|>reMare— for example, for air at a preMore of three and a half atmoepheret, it equals 
0*871, for carbonio anhydride at one atmosphere it equals 0*878, at three atmospheres 
0*889, and at eight atmospheres 0*418 ; (8) that for gases which are less compressible 
khan should follow from Mariotte's law, the expansion by heat decreases with an increase of 
|»reasure — for example, for hydrogen at one atmosphere 0*867, at eight atmospheres O'SGO, 
lor air at a quarter of an atmosphere 0*870, at one atmosphere 0*868 ; and hydrogen like 
air (and all gases) is less compressed at lowpressurei than should follow from Mariotte's 
law {see Note 85). Hence, hydrogen, starting from sero to the highest pressures, exhibits 
a gzadnally, although only slightfy, varying coefficient of expansion, whilst for air and 
other gases at the atmospheric and higher pressures, the coefficient of expansion 
Increases with tho increase of prmwure, so long as their compressibility is greater than 
thonld follow from Mariotte's law. But when at considerable pressures, this kind of 
4iierepancy passes into the normal (»«<• Note 25), then the coefficient of expansion of all 
gases decreases with an increase of pressure, as is seen from the researches of Amagat. 
The dilTerence between the two coefficients of expansion, for a constant pressure and for 
A constant volume, is explained by these relations. Thus, for example,. for air at a 
fmssure of one atmosphere the true coefficient of expansion (tho volume varying at con- 
stant pressure) <= 0*00368 (according to Mendo1<<efT and Kayander) and the variation of 
tension (at a constant volume, according to Regnault) =0*00867. 

'^ Permanent gases are those which cannot be liquefied by an increase of pressure 
•kme. With a rise of temperature, all gases and vapours become permanent gMes. As 
Wfi shall afterwards learn, carbonic anhydride becomes a permanent gas at' temperatnrca 
above 81*^, and at lower temperatures it has a maximum ^''nsion, and may be liquefied 
by pressure alone. 

The Uquffaction of gases, accomplighed by Faraday {nee Ammonia, Chapter VI.) and 
others, in the first half of this century, showed that a number of substances arc capable, 
like water,of taking all three phyHical states, and that thpre is no essential difference 
between vapours and gases, the only distinction being that the boiling points (or the 
temperature at which the tension er760 mm.) of liquids lie above the ordinary tempera* 
iore, and those of liquefied gases below, and consequently a gas is a superheated vapour, 
or vapour heated above the boiling-point, or removed from saturation, rarefied, having 
a lower tension than that maximum which is proper to a given temperature and sub- 
ttance. We will here cite the maximum iemions of certain liquids and gases at various 
t$mperature$, because they may be taken advantage of for obtaining constant tempera- 
tures by changing the pressure at which boiling or the formation of saturated vapours 
takes place. (I may iremark that the dependence between the tension of the saturated 
vapours of various substances and the temperature is very complex, and usually requires 
three or four independent constants, which vary with the nature of the substance, and 
are found from the dependence of the tension p on the temperature t given by experi- 
tnent ; but in 189S K. D. Kraevitch showed that this dependence is determined by the 
(properties of a substance, such as its density, specific heat, and latent heat of evapora- 
tion.) The temperatures (according to the air thermometer) are placed on the left, and 
the tension in millimetres of mercury (at 0^) on the right-hand side of the equations. 
Carbon bisulphide, Ca^ 0° = 127*9; 10° = 198*5; 20° -2981; 80<» « 481*6; 40° «= 617*5 ; 
B0®-857*1. Chlorobenzene, C«HjCl, 70°«97-9; 80° = 141*8; 90°-a08*4; 100°-292*8; 
110»* 402*6; 120° = 642-8; 180° =719*0. Aniline, CeH^N, 160° -288*7; 160° « 8870; 
170O-5156; 180° = 677'2; 185°=771*6. Methyl saUcyUte, C«HaOs, 180°»294*4; 190® 
- 880*9 ; 200° = 482*4 ; 210° « 557*5 ; 220^= 710*2 ; 224° = 779*9. Mercury, Hg, 800° « 246*8 ; 
610° -804*9; 820° <= 878*7^ 880° » 454*4; 840^ « 548-6; 850° » 658*0; 859° » 770*9. 8ol- 
Ithw, 8, 895° - 800 ; 428° - 500 ; 443° - 700 ; 452° « 800 ; 459° « 900. TheM figuw (Bam- 
•ay. and Young) show the possfl>ility of obtaining constant temperatures in the vaponra 
td boiling liquids by altering the pressure. We may add the following boiling pointa 
vnder a pressure of 760 mm. (according to the air thermometer by CoUendar and 
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from Mariolto'fl law.'* From this it miy be concluded that the abso* 
tute boiling point of bydroj;eu, and of gases resembling it,'^ lies very 

Otiffllha. 18DI); toillne, IM'^IS; uphUuJtne, ilT'^M; baniopbenoBa, SOS'^Sli 
DBTCDTTf 3£A°-TBi tripbflDjl-nM&huitf, BM^— 41; Bulphort 144° = sy- And meUfag 
pnisU: lin, lSl°<^e8; bwmnUi, lW°-91i l«d, Ba7° = SS; ud lioc, (ll^aGT. Tbma 
itit nu} bs Bwd for obtumng ■ canituit («iBp«ratURi ud lor lerilTing (bcnnoniBteii, 



d bj tha iDBlUng polnta of a 



ulti, d, 



ilD«a 



Kcacdinti M Uw air thennometcr by V. Uayer uid Riddla (IBDS) : Naa, asV ; N^Bri 
T«°; Nul, fl»=: KCl, 780": KBt. TIB"; KI, 9W; K,COj, IDIS"; N»,COj. 1008°; 
S^fii, B7V i Na,SO|, S4a° i KgSO,. 1018°. The (eniioa of liqunficd guea is eipresMd 
In kUnotplwrt*. Sulphurom Buhirdiida, 80], — 80°-0'*i -BO'-O'd; -10'"^l! 0°=rS| 
+»°-Mi SO=-Bi; aU= = «B. AmmoDii, NBj. -10"-IMf -B0°-1'1; -K^-l-Si 
~10*-1*8; 0°-l'l; +I(l°-a-0; SO'^S-i. Cubonic anhydride, COt, -llG^^O-OUi 
-W-1; -TO°^aii -KP-at; -W-S-S; -W-IO; -ao°=M; 0=-8(; +W» 
•U; M°-M, Nitioiu aiide, N^, -UG°~0'OSS; -93°-l; -BO^^l'S; -U'^T-flt 
-SO't-M-ll O'-Se-l; +a)°''6J-3. Ethyleua, Cja,, -110°-0'083; -ISO'. 01; 
-lOB'"!; -^O"-!!; -I--*! Air. -IB1°-1[ -IW-Hi -H0-=SO. NlltogM, 
Vt, -aOf-OOtS; -ISS"-!; -ItO'^H; -US'-Sa. The melhodt ol liqnefytog 
(&■«■ (by prenure ud oold} will be de«rib«d cndfir uim]oaL&. nitrouH oxide, aulphimtiit 
•ohydrlde, ud in l»t«r footnoUs. We will now torn ODc ■(tentioo la the lut U»( Iba 
■npontitm ol voUtiiii Uqajdi, ondec Tuious, and eipecially ander low, pnuiues, glTU- 
kBeurnuam torabtaiDiagIau'l<mpcmfurM. Thai liqneBEd cubooio achydiide, under 
Ibe ordlnuj (iissiare, T»dnc«ii the lemperatnre to —SO", ud wheo it ermparttca Id » 
Ktefled atmoiphero (under na air-pomp) to 3S nun. (-(roBS atmoBphcre] tbe (empara- 
lure, judging by tbeabove-olted figure!, l&Ua to* -11G° (Dene). Even the evipontloD 
el liquid! o! common occnrrencfl, under low presmreieaiiljatlainiblewilh an air-pump, 
nay prodaiis low tempnatures, which nay be again taken idTaiitago o[ lor obtaining 
alill lower tcmpor&turBa. Water boiling in a vacuum beaome! cold, and undpr a pr«!!ur(» 
al lees tliui t'fi mm. it treeiei. becauM iti tflneion «( D.° is i'9 mm. A aulBciontly lo* 
laropsrature may be obtained by lorcing floe ilreunt ol air through common ether, or 
liquid carbon bisulphide, CSi, or methyl chloride, CBsCl, and other aimilar voUtlla 
Ujuidi. In the adjoining tabia are given, loc certwn bu», (1) the number ol atmo- 
tpherea neceaiary lor their liquefaction at U', and (S) the boiling points ol the reaolUnt 
liquid* under a 
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Br with Amagal'i result! (laaO-ieM), 



where fi - tbe preuure in motrMol mercury, n » 
a pressure of 1 metre - I. and t the weight of r 
hydrogen followed Hatiotte'a taw, then under a pi 
eantuu not BG, bat MG grams. It is eiideot Iroi 
a litre ol the gaa approachea a limit as tbo pre 
density of the gvs wheu liquefied, and therefore tl 
will probably be near 100 grama (deuity about 
liquids). 

* Caguiard de Latoor, on heating ether in a c 
aX thi! temperature tiie liquid ia trausformed into 
Uiat[i,harliigthelamedensityHtb«liquid. Tl 
■Dd njHUlhowed that, enry liquid hM iDch ■ 



It 3'St 

M es 

volumo, if the volume t4ken under 
;re of hydrogen at 20° in gruns. II 
ure of ifiOO metres, one Uiro would 
he above Ggurei that the weight ol 
re increasoB, which ia douhllet! the 
reigbt of a litre ol liquid bydnigea 
, being ICH than that of sjl other 
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much below the ordinary temperature ; that is, that the liquefaction of 

it mumkA •xifli M ft liquid and is tnuidormed into » denM ga*. In order lo grasp the tme 
eigniileaiion of thie abeolute boiling temperature, it mast be remembered that the liquid 
stale ie ohavaoteriaed by a cohesion of its particles which does not exist in vapours and 
gMMS. The cohesion of liquids is expressed in their capillary phenomena (the breaks 
hi ft eolnmB of Uqoid, dit^ fbnnation, and rise in capillary tubes, ^.)* <uid the product of 
the dfBud^ of a liqoid into the height to which it rises in a capillary tube (of a definite 
dhunatev) magr eerre at the meftiare of the magnitude of cohesion, lliue, in a tube of 
1 mm. diftoietar, water at lS^>risee (the height being corrected for the meniscus) 14*8 mm., 
and ether at f^ to a height 6'80- 0*028 f* mm. The cohesion of a liquid is lessened by 
heftting, ftnd therefore the capillary heights are also diminished. It has been shown 
by expetiment thai this decrement is proportional to the temperature, and hence by the 
aid of eapillary obserrationa we are able to form an idea that at a certain rise of 
temperfttore Uie cohesion may become "0. For ether, according to the above formula, 
tMs woold occur at 191^. If the cohesion disappear from a liquid it becomes a gas, 
lor cohesion is the only point of difference between these two statea A liquid in 
•vaporating and overcoming the force of cohesion absorbs heat Therefore, the absolute 
boiMag point was defined by me (1881) as that temperature at which (a) a liquid cannot 
•■let ae a liquid, but forms a gas which cannot pass into a liquid state under any prise- 
■vre wh ate ver ; (6) coheskm^O; and (r) the latent heat of evaporation «0. 

lliis definition was but little known until Andrews (1869) explained the matter from 
ftpothe r aepeot. Starting horn gasee, he discovered that carbonic anhydride cannot 
ba ttqnefied by any degree of oompreseion at temperatures above 81°, whilst at lower 
temperatures it can be liquefied. He called this temperature the eritieeU temperature 
It is evident that it if the eame ae the absolute boiling point We shall afterwards 
dwignate it by <c. At low temperatures a gae which is subjected to a pressure greater 
than its maximum tension (Note 9^) is transformed into a liquid, which, in evaporating, 
givea ft saturated vapour possessing this maximum tension ; whilst at temperatures above 
la the preeeuse to which the gas is subjected may increase indefinitely. However, under 
these conditions the volume of the gas does not change indefinitely but approaches a 
definite ItmH (see Note 98)~that is, it resembles in this respect a liquid or a soUd which 
Is fthersd but little in volume by pressure. The volume which ft liquid or gae oci^upies 
at to la termed the etitieal volume^ and corresponds with the eriUedl preauret whicb 
ve will designate by pe and express in atmospheree. It is evident from what has been 
said that the discrepancies from Mariotte and Boyle's law, the absolute boiling point, the 
deosMy in Uqoid and oompr sss s d ' gaseous states, %nd the properties of liquids, must all 
be intimately eonneoted together. We will consider these relations in one of the follow- 
ing notes. At preeent we will supplement the above observations by the values of tc and 
jpe for certain liquids and gases which have been investigated in this respect— 



/e 


Pt 


le 


pe 


& 


- 146® 


88 


H^ 


+ 10b* 


99 


- 140° 


89 


+ 124° 


69 


cfc, 


- 119' 


60 


+ 181° 


114 


- 100° 


60 


CHjCJ 


+ 141° 


78 


NO 


- 98° 


71 




+ 166° 


79 


U'2 


♦ 10° 


61 


+ 109° 


84 


•f 89° 


77 


8k"df 


+ 198° 


40 


+ 68° 


76 


-»- 968° 


66 


£iS» 


+ 87° 


68 


C8a 


♦ 978° 


78 


HCl 


♦ 69° 


86 


C«Hfl 


+ 999° 


60 


H«0 
CHjOH 


♦ 888° 


900 


CflHsF 


+' 987° 


46 


♦ 940° 


79 


CeHjCl 


♦ 860° 


46 


C^sOH 


+ 948° 


68 


CeHjBr 


+ 897° 


46 


CHjCOOH 


I-f 899° 


67 


CtfH^I 


+ 448° 


46 



Yocmg and Guy (1881) showed that tc and pc clearly depend upon the ooapoiitfo^ 
end qiolecolar wei^it 
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lliis g<u ia only possible at low temperatures, and under great pressulres.^ 
This conclusion was verified (1877) by the experiments of Pictet and 
Cailletet.'^ They compressed gases at a very low temperature, and 

so I came lo this conclusion in 1870 (Ann. Phifi Chem. 141, 023). 

'* Piotei, in his researches, efleoted the dirool liquefaction of many gases which op to 
that time had not been liquefied. He em|>loyed the apparatus used for the mannfactore 
of ice on a large scale, employing the vaporisation of liquid sulphurous anhydride, 
which may be liquefied by pressure alone. This anhydride is a- gas which is transformed 
into a liquid at the ordinary temperature under a pressure of several atmospheres (m9 
Note S7), and boils al — 10° at the ordinary atmospheric pressure. This liquid, like all 
others, boils at a lower temperature under a diminished pressure, and by continually 
pumping out the gas which comes off by means of a powerful air-pump its boiling point 
falls as low as —75°. Consequently, if on the one hand we force liquid sulphurous 
anhydride into a vessel, and on the other hand pump out the gas from the same vessel 
by powerful air-pumps, then the liquefied gas will boil in the vessel, and cause the tem> 
jMrature in it to fall to —76°. If a second vessel is placed inside this vessel, then another 
gas may be easily liquefied in it at the low temperature produced by the boiling liquid 
sulphurous anhydride. Pictet in this manner easily liquefied carbonic anhydride, C0« 
(at —60^ under a pressure of from four to six atmospheres). This gas is more refractory 
to liquefaction than sulphurous anhydride, but ior this reason it gives on evaporating a 
still lower temperature than can be attained by the evaporation of sulphurous anhydrido. 
A temperature of — 60° may be obtained by the evaporation of liquid carbonic anhydride al 
a pressure of 760 mm., and in an atmosphere rarefied by a powerful pump the temperature 
falls to — 140°. By employing such low temperatures, it was possible, wiHx the aid of 
pressure, to liquefy the majority of the other gases. It is evident that special ponq^ 
.whicA are capable of rarefying gases are necessary to reduce the pressure in the 
chambers m which the sulphurous and carbonic anhydride boil ; and that, in order I 
re-condense the resultant gases into liquids, special force pumps are required for pumping 
the liquid anhydrides into the refrigerating chamber. Thus, in Pictet's apparafcllt 
(fig. 24J, the carbonic anhydride wm liquefied by the aid of the pumps B F, whkh 




Fio. M.-.Oeneral arrangement of the apparatus employed by Flotet tat Uqaefying gsssiii 
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Uien allowed them to expand, either by direetly decreasing the preesare 
or by allowing them to escape into the air, by which means the tem- 
perature fell still lower, and then, just as steam when rapidly rarefied '^ 

oomproMod the gM (ftt a BreMore of 4-6 atmospheres) and focoed it into the tabe K, 
▼igoroosly cooled by being .«urroanded by boiling liquid sulphurous anhydride, whioh 
was condensed in the tu^ C by the pump B, and rarefied by the pump A. The 
liquefied carbonic anhydride. flowed* down the tube K into the tube H, in whioh it wae 
■ubjected to a low pressure by the pump E, and thus gave a very low temperalnre of 
about —140°. The pomp E carried oil the vapour of the carbonic anhydride, and con- 
ducted it to the pump F, by whioh it wae again liquefied. The carbonic anhydride thus 
made an entire circuit — that i$, it passed from a rarefied T^m>our of small tensioiii and low 
temperature into a compressed and cooled gas, which was tranaformed into a liquid, which 
agiUn vaporised and produced a low temperature. 

Inside the wide inclined tube H, where the oarbonio acid evaporated, wse placed a 
second and narrow tube M containing hydrogen, which was generated in the vessel L 
from a- mixture of sodium formate and caustic sodaCCHOaNa-i-NaHOxNaiCOs-i-H^). 
This mixture gives hydrogen on heating the vessel L. This vessel and the tube H. 
were made of thick copper, and could withstand great pressures. They were, more- 
over, hermetically connected together and closed up. Thus the hydrogen which waa 
evolved had no outlet, accumulated in a limited space, and its pressure increased in 
proportion to the amount of it evolved. This pre«sure was recorded on a metallic mano- 
meter B attached to the end of the tube M. Aa the hydrogen in this tube was submitted 
to a very low temperature and a powerful pressure, all the neoessary conditions were 
present for its liquefaction. When the pressure in the tube H became steady— «.«. when 
tlie temperature had fallen to - 140° and the manometer B indicated a pressure of 650 
atmospheres in the tube M — then this pressure did not rise with a further evolution of 
hydrogen in the vessel L. This served as an indication that the tension of the vapour of 
the hydrogen had attained a maximum corresponding with — 140°, and that consequently 
all the excess of the gas was condensed to a liquid. Piotet eonvinoed himself of this 
hj opening the cock N, when tho liquid hydrogen rushed out from the orifice. But, on 
leaving a space where tho pressure was equal to 060 atmospheres, and coming into contact 
with air under the ordinary pressure, the liquid or powerfully compressed hydrogen 
expanded, began to boil, absorbed still more heat, and became still colder. In doing so 
a portion of the liquid hydrogen, according to Pictet, passed into a solid state, and did 
not fall in drops Into a vessel placed under the outlet N, but as pieces of solid matter, 
which struck against the sides of the vessel like shot and immediately vaporised;. 
Thus, although it was impossible to see and keep the liquefied hydrogen, still it waa 
clear that it passed not only into a liquid, but also into a solid state. Pictet in his ex- 
periments obtained other gases which had not previously been liquefied, especially oxygen 
and nitrogen, in a liquid and solid state. Pictet supposed that liquid and solid hydrogen 
has the properties of a metal, like iron. 

** At tho sarao time (1879) as Pictet was working on the liquefaction of gases in 
Bwitzorland, Caillctet, in Paris, was occupied on the same subject, and his results, 
although not so convincing as Pictet's, still showed that the majority of gases, previously 
unliquefied, were capable of passing into a liquid state. Cailletet subjected gases to a 
pressure of several hundred atmospheres in narrow thick-wolled glass tubes (fig. 96) ; ha 
then cooled the compressed gas as far as possible by surrounding it with a freezing mix- 
ture ; a cock was then rapidly opened for the outlet of mercury from the tube containing 
the gas, which consequently rapidly and vigorously expanded. This rapid expansion of 
the gas would produce great cold, just as tho rapid compression of a gas evolves heat and 
eanses a rise in temperature. This cold was produced at the expense of the gas itsell, 
for in rapidly expanding its particles were not able to absorb heat from the walls of the 
lube, and in cooling a portion of tho expanding gas was transformed into liquid. This 
iraa seen from the formation of cloud-like drops like a fog which rendered the gas 
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deposit* liquid water id the [arm of a tog, hydrogen in e^ipnndioff 
forms a fog, thus indicating its passage into a liquid 8tat«. But in yet 
it baa been impossible to preserve this liquid, even for a ahort time^ 
to determine its properties, not with standing the employment of a tem- 
perature of —200' and a pressure of 200 atmospheres," although by 

opoqaa. That Culletvl proved the pouibilityol the liqnefutloq of guot, but ha did not 
laolftte Oie liqniai. The nieUwd ot C«iUe(al allowa the puHge of gwea !bea liquid* 
>>aiBg obeorred *ith emlu heilitr ud aimpticit; than PicteCa melhod, which requires 
a TMT osmplicaled md BipeDiiTa appantss. 

The nethoda of Piotet and CKiUel«t ware liMrvuda -impioied b; Olmiraki, 
WroUewiki, Dewai. aind ittheia, bf order to obtwa a itill lover teaii»»turc tliej elO- 
plored, instead oi cuboma acid gaa, liqnld ethflaDo or uitro- 
gm and oxjgeo, whoui fyiporation at low pmiiorea piD- 
docca a Emch loner IeiE])eratiue (to -VXf). The; alto 
improved on the mathoda ot detemuDiag auch Low lera- 
fnntiuea, bal the methods ware not eaeeotiikllr eltetpdi 
tber obleJaed nitrogen and oifgm in ■ liquid, and eitrogea 
eian in a solid, alile. but do one baa jet njeoeeded in aeeiog 
hjdrcgea in • Uqaid form. 

Tba moat iliuBtntire and inatmctiTS reanlta (becauu 
tbor ga*e (lie potaibititj' of maintaiaing a rerylow tem- 
{lontiue and tlie Uquefled gaa, oreii air, tot a length of 
time) irere obluoed in recent jeara bj Prof. Defai in the 
Ik?^ Inititatiou ol London, wtuchiagloriBedbjthonAfflH 
ot Davy, Fuadny, and TjmilaU. Denrar, ivitb (he aid ol , 
powetlul pumpii obtained manj kilograme ol oijgen and 
air (the boHing point under the atmoapherio preaaiiLrQ 
•i — 190°) in a liquid ttate and kept them in thia atele for 
■ langth ot lime by meuii ot open glaas vottcla irith 
doablo irallB, hiving a lacniuD between them, oblcli pre' 
Tented tha ntpid IraniCen-noa of bei.t, and ao giiie the poa- 
elbUily of maintaining ver; low temperatoiea iaaide the 
veaael for a long period ol time. The liquBflod oiygen or 
■ir oui be poured (rom one leleel into another and uted 
tor any iuvcstigalione. Thuain June I8B4, Prof. Dewar 
ehowed that at the Ion tempentuie prodnoed by liquid 
Oiygen many aabitaoces becooie pboapboniceDt (booonu 
•eU-lnminoDi : (or initance, oxygen on puaing into a 
Taenoai) and BaDreaoe (emit light after being illuminated ; ' 
foriaataoce.ptranDiglaa, &c,] moch more povrarfuUj than 
at the ordinary (emperatun ; alao that aolida then greatly alter in their mechaoica] pto- 
pcrtiea, «e. I had the opportunity (ie»*) at Ptol. Dewni'e ol awing many auch eipeii- 
■unt« in which open vewela contAining ponnda ol liquid oiygen wcrp employed, and io 
toUoiving the progreia niade In feMirchea oondurt*d at low lemperolurea. it i> aj Bim 
ImpreBsioD that the alndy ol many phenomena at low tempemlniei ahould widen the 
buriuD o! natural acieoce aa much aa the iuveallgattOD of phenoniena made at Ui* 
Ugheat tempemtiuBB attained in the voltaic arc 

" Tba iDvaatigationa ol B. Wrablawski in Cracow give reaean to believe that PiotM 
oould not have obtaioed liquid hydrogen in the interior ol hie appualui. and that it he 
did obtain It, it could only have bean at Ute moment of its outruah duo to the fall in 
lamperatore tollowing ita indden oipaniien. Pictet cnlonlated that ho obtiJned a tem- 
fwralure ol -110°, but in raihly it hardly fell below -130°, jud 
data lor the vaporisation of carbonic anhydride under low pies 
Um Is the method ol determining low Waipettituiea. Judging from othet pi 
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these ni^ns the gases of the atmosphere may be kept in a liquid state 
for a long time. This is due to the fact that the absolute boiling point 
of hydrogen lies lower than that of all other known gases, which also 
depends on the extreme lightness of hydrogen.^ 

hydrogvn {tee Note 84), one would think that its absolate boiling point lies far b«low 
-190°, tncl even —140° (according to the calculation of Sarrau, on the basis of its com- 
pressibility, at -174°). But even at -900° (if the methods of determining such low 
Umperatures be correct) hydrogen does not give a liquid even under a pressure of several 
hundred atmospheres. However, on expansion a fog is formed and a liquid state attained, 
but the liquid does not separate. 

** After the idea of the absolute temperature of ebullitioi) (te, Note 99) had been 
worked out (about 1870), and its connection with the deviations from Mariotte's law 
had become evident, and especially after the liquefaction of permanent gases, general 
attention was turned to the development of the fundamental conoeptions of the gaseous 
and liquid states of matter. Some investigators directed their energies to the further 
ttndy of vapours (for instance, Ramsay and Young), gases (Amagat), and liquids 
(ZaMicheflsky, Nadeschdin, and others), especially to liquids near te and pc ; others 
(KonoYaloff and De Heen) endeavoured to discover the relation between liquids under 
ordinary conditions (removed from ic and pc) and gases, whilst a third class of investi- 
gators (van der Waaln, Clausius, and others), starting from the generally-accepted 
principles of the mechanical theory of heat and the kinetic theory of gases, and assuming 
in gases the existence of those forces which certainly act in liquids, deduced, the 
Mmnection between the properties of one and the other. It would be out of place in 
an elementary handbook like the present to enunciate the whole mass of conclusions 
arrived at by this method, but it is well to give an idea of the results of van der 
Waals' considerations, for they explain the gradual uninterrupted passage from a liquid 
into a gaseous state in the simplest manner, and, although the deduction cannot be 
contidtred as complete and decisive {tee Note 95), nevertheless it penetrates so deeply 
into the essence of the matter that its signification is not only reflected in a great number 
of phyaioal investigations, but also in the province of chemistry, where instancee of the 
pasMge of substances from a gaseous to a liquid state are so common, atfd where the 
vevy prooeeaes of dissociation, decomposition, and combination must be idenfcifled with a 
ehaage of physical state of the participating substances, which has been elaboirated by 
Oibbs, Lavenig, and others. 

For a given quantity (weight, mass) of a definite tubtianee^ its state is expressed 
by three variables — volume v, pressure (elasticity, tension) |>, and temperature t. 
Although the compressibility— [t.e., d{v) !d(p)] — of liquids is small, still it is dearly ex- 
pireseed, and varies not only with the nature of liquids but also with their prMsnre and 
temperature (at te the compressibility of liquids is very considerable). Althou^ gaaati 
aecording to Mariotte's law, with small variations of pressure, are uniformly oomptMsed, 
nevertheless the dependence of their volume v on t and p is very complex. This also 
applies to the coefficient of expansion ["<2(o) /<f(Oi or d{p) ld{t)], which also varies with 
i and J), both for gases {tee Note 96), and for liquids (at te it is very considerable, and 
often exceeds that of gases, 0*00867). Hence, the equati&n of condition must indnde 
three variables, o, p, and t. For a so-called perfect (ideal) gat, or for inooosiderable 
variations of density, the elementary expression pv » Ba{l + af ), otpvmB (978 -¥ t) should 
be accepted, where i? is a constant varying with the mass and nalnre of a gas, ae 
aipseaaing this dependence, because it includes in itself the lawe of Oay-Lntsao and 
Ifariotte, for at a constant pressure the volume varies proportionally to 1 •t'of, and whan 
I is constant the prodact of tv is constant In its simplest form the aqnation may bf 
ttp re ssed thns ; 

pv'^'RT; 

where T denotes what is termed the absolute temperature, or the ordinary 
4-978-thatis,T-<4-978. 
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Although a sabataDce which paaseB with great difficulty Into k 
Uqoid state by the action of ph;sico*inechamcsl forces, hirdrogen lows 

(Bfpnued b; a) {VopoRioTul to tha ■qoua of tbe 
tlta iqwfa (tt the colonu-}, ud at Ibe eiiitsace ol 
ot pftth (flxpnvcd bf ft) for each g&fieoai ihdIhi 
britowiiig mora eomptu eqiutioD of condition : — 



lily (or inrsmelj proportionil lo 
>n d«r Wub glvsi lor gUH tti* 



mp = t((or 



-M-lH 



loaplisrlc pmiure), Ihe toIdbw 
thanlare c uid i be upreugd 
I o( Uuiotto ud Oar- 



ilMO° Dnd«r spmnUBpcI (tor aismplu. onder (lu >l 
. io*,»lilro)o( » gM or T«poQt be Ukeaiii 1,«D 
[ fcr Uh tune DuiU u p ud a. The deTiilioni from boti 

" eiprsHOd by Hie ihrne equation. TliDi, lor hydiogeo a man m luen m 

Ball, ■nd£''a'H>OS, Judging bjOi« diU for I.OOOutd l.BOO nutrei preuma 
k QlBta M). Foi other ptrmuunt gmeea. tor which (Note 18) I ibowcd [•boat 1S70) tma 
K B*cn'°l>'" ""^ Hatlerer'* data, a deoreount ol pn, followed bjr an iDoremenl, vhkh «M i 
d [aboot IBSO) bj freah detBrmlnationi nud« bjr Aaieat, Uua phcDomeu may 
Had in deBnite magniCndei ol a and ft (allhongti van der WuJi' {ononla U na* 
I aypUsabla in the eue ot TBrjr imall preiinrei) vitb inlScisol tociUMy [at soDtamporafjr 
I nqalrsment*- It it erident tlAt ran dtr Waali' tonnala liao alio eipreii the dUterenc* 
r ol ttie coefflciaola of eipiniion of gates vilh a change cf prsunro, and acoording to tb* 
Li ol deUnnbation (Kolo asl BeBidea thit, lui der Woala' formula ahoira thai 
p«a>nrea aboie ITS (^ - l) only one actual lolame (gawona) ia poaalbla, 
BMIUI at tower temperatDtei, bj varying the pniHn. thrto differenl Tolnme a— liquid 
ii.aDd partly liquid, partly ■atoratsd-vaporons- oro posaiblo. II i> evident that 
lathaalHolnto boiling point~Uiat»(r<:)aSTB f ^ -. iV It ia 
so poaaible Tulomea |lhe three tool« ol *an dsr 
and eqoil Ivc^Bb). The t<K»ure iu tliia cu* 
oonttanU a and ft and th« condiliona ol erilical 



le condiUoD thai 
KWaala- oDbic equation) are then i 
ftfrt-^i. Th«*i raliot between the oonilanU a an 

i Hate—n. lie) ard (pel— gii-e Uie poa^ility of detormhiing the one magnitude liom Iha 
OtUr, Thm for ether [Nolo 39), (li)- 198", (Ipl- 10, hence n-O0»OT, 6 = 000880, and 
(rr) ^ DDie. That maaa ot atber which at a preaanre of one atmoipheie at C occu^ea 
on* voltuna — lor inatanoe, a litre — ocenpiei, according lo the above-mrolloned condition, 
this critiiml •olnme. And at Uio dcaaily ol the vapour ol ether complied with liydrDgen 
t.ST,aoa a litre ol hydrogen at 0" and nnder the atmoiphcticprmiuro woigbi (HMBJ 
gwro, than a litre ol alher ™poor weighs BN grams: therefore, in a critical stale [tl 
IBS" and to atmoapherei) BSS grams occupy 0-010 btrc, or IB c.c. ; lliercforo 1 gran 
occupies a lolnme ol about B c.c.. and the weight of 1 tc. of elhtr will then be O-f L 
- ta Uie bvaaligatiout ol Bamiay and Yoong (tSS?), (he critical voliune ol eiliar 
nalely ancli at abaat the absolute boiling point, but Ihe compnsaibility of 
K) great that the aligbteat change ol pressure or temperature has a considw- 
ilnme. But the inreatigatlona ol the abovB saTaoIa gave another 
ID ol tlie truth of ran der Waala' equation. They alio found tor 
» the lines ot equal Tolnmea(il both I andp vary), are generall J 
i Thus tha volume ol 10 cc lor t gram of ether onresponds with |Aonr«a 
marcnry) equal to 0-tSU— S'S (lor eiunple,atieO° Uio preaiura~ 
It- M't metres). The leclilineai lonn of tiie itochocd (when Baa 
bnlllri U a diiaol niDll at vaa der Waala' loTmala. 

D ISWk I demonsliated that the apeclBc gravity of liquids decrcaiea la fn- 

iVm hMO( lemvantuia EB,-8,-KI or B,-S, <l-Ht)I.orthat the volOBS* 

-.-K/.UiatihV,.V,|l-K/j-t,aihM«K 
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Its gaseous state (that is, iu eliistjcity, or the plijncal energy of ita 
inolecules, or their rapid progreaave motion) with comp&r&tive ease 
under the inilueuce of chemical attractiou,^' which ia not oaiy shown 
from the fact that hjdrogea and oxygen (two penosoent gases) form 
liquid water, but also from many phenomena of the absorption of 
hydrogen. 

Hydrogen is vigorously condensed by certain solida ; for example, 
by charcoal and by spongy platinum. If a piece of freshly ignited 
charcoal be introduced into a cylinder full of hydrogen Etanding in a 
mercury batb, then the charcoal absorbs as much oa twice its volumo 
of hydrogen. Spongy platinum condenaea still more hydrogen. But 
yaUadium, a grey metal which occurs with platinum, ahsorba more 
hydrogen than any other metal. Graham showed that when heated to 
a red heat and cooled in an atmosphere of hydrogen, palladium retaioa 
a> much as 600 volumes of hydrogen. When once absorbed it retains 

lithe moJalnn dI sipuiuon, trtiich Tui«* with the atlan of Ilie liigaid, then, iogeiunl, 
not oii1:r •>"" * DOnoutioD ulae bclwaeu giut ud liqvite irith teipwl to * chuige et 
vt^latDs. hut kjto it would ap|wu pOB»ibLe, b^ »p|>1ju)g vim der W^aJi' formnlAk to jud|^, 
fr^m tUfl pheDorQkna oF Lhfl sxpunlini of liqmds, is lo tbeif trktuitioa into vapour, uid 
fc conoMt tcigvthn ill Iha piinsipa] propartiei o{ tiquldi, irhich wp tn thii time hid 
cot b««a ooDiidorod to b* is direct dspsodaiiM. Thus Thorpe isd Rtlckei found tbM 
9|(c| + lit • l.'K, whantK it the aiadului of ei[i4nBioi] in the iboie-mcntiooed focmola. 
Poi luinpU, the upuuion ol (tboi it ctpretied with Eufflcient iccaticy from 0° to lOO' 
bj th* tqiutioil i,~eiii (l-Cro01Gt(). or Vr^l (1-01WI9I1). «h(» 000191 ii th* 
nolilllii ol iipuiilon, ud tbenfoce (tc)'^lSS', or by direct obMrritioo 193°. Foi 
sUlMH Mtruhlotlde, SICI4, the modulni eqnils O'DOlsa, trotn whenee |lc)=t91', ind 
bj diwimant WO*. On th* other hind. D. P. KonoiilaQ, ulmittiog thil the exleuul 
WMUin p In Uijcidi li iDilgDifluDt when compiled mtli the inlemil fa in cin dar 
WMli' liwrnuUli ud Ihit the worlf in Che eipiuuioa of llqoidi i> pniportionil lo iheii 
(aiDIsnton ;u ill eiic"), ditcoUj dodoced, bora ria dor Wiali' fananli, the ibort- 
tpiiiti^ni! '. I'l.rji.i i.'[ !] .' <-i{iinmiOD of Uqutdi, V,-1.'(I-E0, vid ilea the mi^ilads 
(iflV.I< - iiiijn, cohenoD, Hid (ODipi«»)bQlty nnder preeiarr. In Ihji 

ir»j V.I. I. . :< Dtabnees the gueont, erillcit, uid fijuiil i(af» of aab- 

aUrK" "' > I' .'I'Otlan between Ihem. Do Ihii icoonat, ilthoogb van der 

Wi>.l> !■■•..,■. ' jibiJaied u perfeolljgenetml ud icoonte, T*t il i> DOtonlf 

fuy ■ I pii^BT, bnl it iiiba more comprshenai'*, bec»o«e it 

«p|.i. !■. Fort W rSHirch wiU utDnllf ftirs 1 closer proiimltj 

Ir <i :' i.:ietitiDi]b«Keeii eoapoaitioa ind the coaitant«(a and i)\ 

hu> > ' 1 oerii ia iliii form ol the eqastion ctitiit«. 

luiiliou llu) luiibility of (^ in nn d«r WmU' 
.]kiwing«9B»llono" 

•t hydrogen, ind toood o = 

oij-gen (-IDS'), nitrogen (-IW); 
.bwlou boiUng point Ol hjdto- 
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ttie hydrogen at tbe ortlinary temper&turp, and only parts with it when 
hesMd to a red heat." This capacity rf certain detnae metals for tha 
abaorption of bjdro^n explains tbe property of hydrogen of pauing 
Uiroagb metallic tubea." It ib termed ocdvtvm, and presenta k 
timiUr phonoinenon to Bolution ; it h based on the capacity of mctab 
of forming unstable eadly dissociating cornponnds'" with hydrogan, 
nmilar to those which salts form with wBt«r. 

At tlio ordinary temperature hydrogen very feebly and rarely entera 

*■ nie ptDjwrty of pUUditua ol alHDTbiDg hrdnigeii, ■»] ol inOEHuig in volama ia 
•0 biDR. OMj be Mail; denuMutnud b; Ukiug •, nhesi el |w]kdiDiB viLniiib«l on do* 
aide, uid lifting if aa k CAthode. Tha hydrogen wbich lv evQlvad by tbe Actiou af tbo 
ODmnt it relBine<t hy tha uavurmnbud Borfun, ma n CDUiflquancA of whi<J] the sbetl onri* 
m^ By Btualuiig ■ iwiiitai (I« iniUuM, a qiull) lo tbo end of Uh (heet Chia baodia^ 
•Ifeat 14 nodtfed ■trUfioglj ariileiii, ud od icririing the Bpirent jwhaD oiygen will bs 
avolTod ud comhiiHi with the Aburbed hydi^en, funning w»ter) it mAy bo ihovn tbul 
on lonng the bTdiogsa the pAlUdiuni regninft tU original lonn. 

■* Danlla duocmrad Hut imu and platimiD beeoma perriooi to hydrogeo at a red 
at tJhiH in 4ba foUowiiig taruLS >— ' Tbm pormeabiJitj of ndi bomoganaoiu 
ia quite dlDimBt fiom the puiage of guai Uirongh 
la; and gnphile. Tbo psrminWiit; of nnUIg depaadi 
aa their expuiBOQ, bnnght about by boat, and provaa thai meUli a&d aiJoya bava a 
in paraut]!.' Haw«*i'I; Cnbam pntvad thai it ii oaly hydrog an irhiiili ii capable dI 
Qg through the ubijve-nanied metals in thJB majiner. Oijgi>n, nitrogQU, ammnnia, 
many other ga»B. only |nBa tbrongli in sitnunely ininat« quaiititiei. Qraham 
ed that at a red he^t abont 600 cc. of bydrDgsn paH per minnl« through a luilftoi 

mltted ia hardly pancptible. IsdiunbW baa tbo aama capacity tor allowing tbe 
» et hydrogen throogb Ita nbeUnce t"" Chapter IIL). but at (he mdiaaiy 
tampenture one squani metre, (KtU mm. thick, tnnmilta only 117 r-e. of faydiogeo par 
loinute. Tn the gftperiment on the decompoaitioD of water by beat in porona tubea. tbe 
olay tube may be eiohanged for a platinum one with advaiilage, Oraham obowed tiut 
by plaQiDg a plitiBUB tnbie omtainiEig fardt^eea (mdaf tbeie 00Ddit i QQa>*pJ anrronndiag 
it bj a tube eopUinirig ait, tbe IraniteraBoe el tha bydn^n owy be obierved by lb* 
decrease of pressnro in the plntinuiD tube. In tarn hour abneat all the hydrogan I8T p.c) 
had paaaed bon tbe toba. witbout botng iv^aoad by air- It it vwideBt tbat tbe occlnaioa 
■ad pan^e el hydrg«« tbro^h malali eatable of ooolndine it ue not only iatbnately 
onwiad togitbir, but an dapan^nt OB Iba capacity of metali to form Dompoitada «l 
vaiioM dagraaa of MUmj «Mi bydmgaB-^ilR mUb wilb tntar. 

■• II appealed <■ (vlbar IsTeattgatiDB that palladiiim girea a deflnita eompeOB^ 
ed|B(aa«tnrthei1withb3PdfsgBi; bm what wwi didM iutnuliie wai (be invaaligatiiia 
rf aadtom hydride, lIa,H, which elwly ihawcd (bat tbe ongia and propeitie) ol auih 
conapotmdA axe in entire accordance with the couoeptJona of diaaodation. 

Knee bydrogelk ii a gu whieb i> diftcall la eondenae, it ia little aduble in water nod 
<4bar liquida. At 0° a hundred luJumei of water diHcdre 1*9 Totnme of hydrogen, and 
aleobol 0^ Tolninea raeasDr^ at 0° and 760 nun. Molten iron abBorbt hyilrogen. bat ia 
•dlidilyiag, it eipela it. Tbe eolation of hydrogen hy mel^t ia lo ■ certain degiea 
baaed oa iU aOnity lor meialft. and man be Uktncd to tbe aolDtiaB of melala in tuarcniT 
■od lu tbe tonutioa of alloyv la it* obemiual properliei hydrogen, u va ahaU aa* 
later, h» BiDdiQf a notaUio ctaarastar. Pictat (aae Note 11) eren liaraa Ibal lipoid 
hylrngen hae setAlUe peopartiea. Tba natallie pnpottai of bydrogan ■» alu svimal 
to tte fact thut il ia a gBol aeadOBlar of beat, akieb ia not Uia oaae witb othn giBM 
(Magnoa). 
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Into eh^ical reaction. The capacity of gaseous hydrogen for reaction 
becomes evident only under a change of circumstances—by compression, 
heating, or the action of light, or at the moment of its evolution. 
However, under these circumstances it combines directly with only a 
very few of the elements. Hydrogen combiiles directly with oxygen, 
sulphur, carbon, potas^um, and certain other elements, but it does 
not combine directly with either the majority of the metals or with 
nitrogen, phosphorus, d:C. Compounds of hydrogen with certain 
elements on which it does not act directly are, however, known ; they 
are not obtained by a direct method, but by reactions of decomposi- 
tion, or of double decomposition, of other hydrogen compounds. The 
property of hydrogen of combining with oxygen at a red heat deter- 
mines its combustibility. We have already seen that hydrogen easily 
takes fire, and that it then bums with a pale — that is, non-luminous— 
ilame.'' Hydrogen does not combine with the oxygen of the atmo* 
sphere at the ordinary temperature ; but this combination takes place 
at a red heat,^^ and is accompanied by the evolution of much heat 
The product of this combination is water-— that is, a compound of 
oxygen and hydrogen. This is the syntltesU of wafer, and we have 
already noticed its analysb or decomposition into its component p^rta. 
The synthesis of water may be very easily bbsen'ed if a cold glass bell 
ja9 be placed over a burning hydrogeA flame, and, better still, if the 
hydrogen flame be lighted in the tube of a condenser. The water will 
condense in drops as it is formed on the walls of the condenser and 
trickle down.^^ 

<t If it be desired to obUin % perfectly ooloarleu hydrogen iUmei it matt inoe from 
a ptotinwn noszle, m the gUM end o£ * gAt-condaoting tube imp«rte • yeUow Unt to Um 
§imi^ owing to the preienoe of todiom in the gUtt. * 

^ Let at imagine thAt » ttre^m of hydrogen pMiet along » tabe, and let at menlallj 
^tide thia ttream into tereral ptrtti oontecatirely patting oat from the odfioe of tin* 
tabe. The ilrtt part it lighted-^that it, brought to a ttate of inoandetoenee, in whSbli 
State it combhiet with the oxygen of the atmoiphere. A oontiderable amoant of beat is 
erolred in the combination. The heat evolved then, to to tay, ignitet the tecond part of 
hydrogen coming from the tube, and, therefore, when once ignited, the hydrog^ oon- 
tinaet to bum, if there be a continual tupply of it, and if the atmotphen in which it 
bama be unlimited and containt oxygen. 

M The combustibility of hydrogen may be shown by the direct decompodtSon df water 
by todiam. If a peUet of todium be thrown into a vessel containing water, it floats on 
Ibe water and evolves hydrogen, which may be lighted. The presence of todiaim imparts 
S yellow tint to the flame. If potassium be taken, the hydrogen bursts into 1^0^ spoa* 
laaeoosly, because sufficient heat is evolved in the reaction to ignite the hydrogen. ' Hi* 
flaiae it coloured violet by the potassium. If sodium be thrown not on to water, but on 
to an acid, it will evolve more heat, and the hydrogen wiU then alto burst into flams. 
VlMte experiments must be carried on with caution, at, sometimes towards the end, s 
mate of todium oxide (Note 8) it produced, and fliet about ; it it therefore betl to 
the vettel in which the experiment it carried on. 
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Light does not nid tbe combioation of bjdrogea and oxygen, so 
HtSit a mixture of these two gases does not change when exposed to tbe 
action of light ; but an electric spurk aots just like a flame, and tbii ia 
taken acJ^'uitajje of for ioflnming a mixture of oxygen and hydrogen, or 
■detonating gas, inside a vessel, as will be explained in the following 
chaptei^. As hydrogen (and oxygen aUo) is condensed by spongy 
platinum, by which a rise of temperature ensues. Find as platinum eets 
by contact (Introduction), therefore hydrogen also combines with 
oxygen, under tbe influence of platinum, as Dcbereiner showed. If 
Bpongy platinum be thrown into a mixture of hydrogen and oxygen, 
an explosion takes place. If b, mixture of the gases be passed over 
Bpongy platinum, combination also ensues, and the platinum beoomes 
red-hot." 

Although gaseous hydrogen does not act directly'^ on many sub- 
stances, yet in a naactnl Matt reaction often takes place. Thus, for 
instance, water on which sodium amalgam ts acting contains hydrogen 
in a nascent state. The hydrogen is here evolved from a liquid, 
and at the first moment of its formation must be io ft condensed 

<■ This piopeclj ol t^ng! plnliaao) is mula nw of in Che lo-csllad b7dcog«D cigsr- 
lichtcl. It ooauitB ol a glm cyliodot or beab«i, inudd nbiah (hera ia s uiull l«Bd Itsnd 
(vliicli ii cot kOted on by nilphniic >cid), on whicb a piwe ol linc li Isid. Ibji dno Is 
emend hj ■ b«U, whicb ■• open at Ihs bottom uid luraitbed *llb ft cock at tha top. 
Sulphatic Mid ii pound into the tgiux betwoon Iha boll ud ths aldsa ol the ootet gUt* 
VjUndei, uid will thai conpicn the gu in the bell. II tba co«b ol^the OTlliidw be 
tpmed tha gM <riU escape bf it, and will be leptsoed bf tb* aoid, whiah, coming Intd 
ecnlaot with lh« stiic, eiolTH hydrogan, and it will eacape thidogh the oook. It lbs 
cock be sloied, then the hydrogen evolTcd irill laewaw Uw preuora of tha gM in Uuf 
ball, and thus again tons tbe acid into tha apsoa batwaeo the bell and Ibe watli ot Um 
ontai cylinder. Thni the actioo ot the acid <m the cine may be itopped or ituted at 
*ill by opening or ihatting tbe coob, and DOUteqiiaiUy a atnun ol hydrogen nuy bs 
alwuya tura^ on. How, il a pie« of apoagy platintUB be plaud in tbii stream, tha 
hydrogen will take Ughl, becaoae Uia apoon platinom becomes hot Id condenaing ths 
bydtogaD and inflanes il. The conudenblc rise in teiDparatun ol the platinum dope nda, 
among olbar (hlngi, oti tha tact that Iho hydrogen coodsDied in its potat cornea into 
ttntacl with previously abaorbad and wndcnaed amoapherlc oxygen, iritb which hydro- 
|B0 combina* with gnat luilit]' in this form. In this muuiar tba hydrogea cigar-lighlai 
(irea a ttroam at buniiDg hydrogan nhan tha coclc is open. In ordar that il ahoold work 
fcgnlarly it ia oecesaary that (ha apoo^ platinum should be qujla dean, and il ia beat 
anvatopad in a tbin aheet of platinum foil, Kbich protocta it from daaL In any case, 
attet Kima linw il will be aeneseary to cIhu the plutiDOtD, which may be easily done by 
bmling it in nitric acid, which does not diasolre the platinDni. but clears il ol all dilt. 
This imperteolioB haa givsn rise to aevctul other lonna, in which as electric ipark ia 
mvle to paai before tbe orifice from which the bydrogan eacapes. This ia anangad in 
anch ■ mamiar that the line of a galianio alemeDI is inuneracd whan the cook ia tunwd, 
or a amall coil gicing ■ apufc ia pal into circuil OD (Dniing the hydrDgen on. 

^ Ondar cooditioas aimilar to thou in whioh hydrogen combine* with oiygau it \% 
alio oapabl« at eonibining with chlorina. A miiton of hydrogen and chlohno explode* 
M Iha paaaage of an electric apark through il, or on contict with an iocaDdeaoent tqb- 
■l«H*, aikd ain in tha pTMsaoa ol Bpongy platinum 1 bDi,basideatbia,th4 action olli^l 
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•tate.^ In this condition it is capable of reacting on substances on 
which it does not act in a gaseous state.^^ ^^ Reactions of substitution 
or displacement of metals by hydrogen at the moment of its formation 
are particularly numerous.^^ 

Metals, as we shall afterwards see, are in many cases able to replace 
each other ; they also, and in some cases still more easily, replace and 
are replaced by hydrogen. We have already seen examples of this. in 
the formation of hydrogen from water, sulphuric acid, &c. In all these 

alone is enough to bring about the combination of hydrogen and chlorine. If a mixtois 
of equal volnmeB of hydrogen and chlorine be exposed to the action of sunlight, com* 
plete corobiiuition rapidly ensues, accompanied by a report. Hydrogen does not combine 
directly with carbon, either at the ordinary temperature or by the action of heat and 
pressure. But if an electric current be passed through carbon electrodes at a short 
distance from each other (as in the electric light or voltaic arc), so as to form an clcctrio 
trc in which the particles of carbon are carried from one pole to the other, then, in the 
intense heat to which the carbon is subjected in this case, it is capable of combuiing 
with hydrogen. A gas of peculiar smell called acetylene, C^H^, is thus formed from 
carbon and hydrogen. 

** There is another explanation of the facility with which hydrogen reacts in a nascenlf 
ttate. We shall afterwards learn that the molecule of hydrogen contains two atoms, Hf, 
but there are eloraenlH the molecules of which only contain one atom — for instance, 
meTCury. Therefore, every reaction of gaaeous hydrogen must be accompanied by the 
dicraption of that bond which exists between the atoms forming a m(Jecule. At the 
moment of evolution, however, it is supposed that free atoms exist, and in this condition, 
eooording to the hypothesis, act energetically. This hypothesis is not based upon facts, 
tnd the idea that hydrogen is condensed at the moment of its evolution is more natural, 
sad is in accordance with the fact (Note 18) that compressed hydrogen displaces palladiom 
tad silver (Brunner, Beketoff) — that is, acts as at the moment of its liberation. . 

u bu There is a very intimate and evident relation between the phenomena which 
take place in the action of spongy platinum and the phenomena of the action in a nascent 
State. The combination of hydrogen with aldehyde may be taken as an example. Alde- 
hyde is a volatile liquid with an aromatic smell, boiling at 21°, soluble in water, and 
abeorbing oxygen from the atmosphere, and in this absorption forming acetic acid — Uie 
tabetanoe which is found in ordinary vinegar. If sodium amalgam be thrown into an 
aqueous solution of aldehyde, the greater part of the hydrogen evolved combines with 
the aldehyde, forming alcohol — a substance also soluble in water, which forma 
the principle of all spirituous liquors, boils at 1S°^ and Oontains the same amount of 
oxygen and carbon as aldehyde, but more hydrogen. The compocition of aldehyde is 
CSH4O, that of alcohol CjH^O. 

** When, for instance, on acid and xinc are added to a salt of silver, the silver ie 
reduc(^d ; but this may be explained as a reaction of the tine, and not of the hydrogen at 
the moment of its formation. There are, however, examples to which this explanation 
is entirely inapplicable ; thus, for instance, hydroged, at the moment of its hberatioB 
easily takes up oxygen from its compounds with nitrogen if they be in solution, and 
converts the nitrogen into its hydrogen-compound. Here the nitrogen and hydrogen, 
so to speak, meet at the moment of their liberation, and in this state combine together. 

It is evident from this that the elastic gaseous state of hydrogen fixes the limit of ite 
energy prevents it from entering into those combinations of which it is capable. In tiie 
naaoent state we have hydrogen which ut not in a gaseous state, and its action is then 
much more energetic. At the moment of evolution that heat, which would be ktent Id 
llie gaseous hydrogen, is transmitted to its molecules, and consequently they tie in i^ 
of strain, and can hence act on many mhetanoea 
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metals sodium, iron, or rinc displace the hydrogen which occurs 
in the«e compounds. Hydrogen may be dispUced from many o( ita 
compouods by metala in siactly the same manjier aa it is displaced 
from water ; bo, foT example, hydrochloric arid, which is formed 
directly by the combinatioa of hydrogen with chlorioe, gives hydrogen 
by the action of a great many metals, just as aulphurtc acid does. 
Potassium and sodium also displace hydrogen from its compounds with 
nitrogen , it is only from its compounds with carbon that hydrogen is 
not displaced by luetala. Hydrogen, in ita turn, is able to replocn 
netols ; tliU is accomplished most easily on heating, and with those 
metals which do not themselves displace hydrogen. If hydrogen be 
passed over the compounds of many metals with oxygen at a red heat, 
it takes up the oxygen from the m^tala and displaces them just 
as it is itself displaced by metals. If hydrogen be passed over the 
compound of oxygen with copper at a red heat, then metallic copper 
and water are obtained— CuO + H,= HiO+Cu. This kind of double 
decomposition is called rtdiicHon with respect to the metal, which ia 
Uius reduced to a metallic state from its combination with oxygen. 
But it must be recollected that all metals do not displace hydrogen 
Emm its compound with oxygen, and, conversely, hydrogen ia not able 
to displace all metals from their compounds with oxygen ; thus it does 
not displace potassium, calcium, or aluminium from its compounds 
with oxygen. If the metals bo arranged in the following aeries : 
K, Na, Ca, Al . . . . Fe, Zn, Hg . . . . Cu, Pb, Ag, Au, then the 
first are able to take up oxygOD from water— that is, displace hydrogen 
— whilst the hut do not act thus, but are, on the contrary, reduced 
by hydrogen — that is, have, as is said, a less affinity for oxygen than 
hydrogen, whilst potasiium, sodium, and calcium have more. This is 
ftlio expressed hy the amount of heat evolved in the act of combination 
with oxygen {lee Note T), and is shown by the fact that potassium and 
Bodiuin and other similar metals evolve heat in decomposing water ) but 
copper, silver, and the Like do not do this, because in combining with 
oxygen they evolve less heat than hydrogen does, and therefore it hsp- 
pens that when hydrogen reduces these metals beat is evolved. Thus, 
for example, if 16 grams of oxygen combine with copper, 36,000 units 
of heat are evolved ; and when 16 grams of oxygen combine with 
hydrogen, forming water, 69,000 units of heat are evolved ; whilst 23 
grams of sodium, in combining with 16 grams of oxygen, e\olvo 100,000 
units of heat. This example clearly shows thai chemical reactions 
which proceed directly and unaided evolve heat. Sodium decomposes 
water and hydrogen reduces copper, because they are exolhermai 
motions, or those which evolve heat ; copperdoeanotdeoouiposewatori 
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beoaose sucb a reaction would be acoompanied hj an absorption (or 
teiDi^tion) ol heat, or belongs to the class of eiidolhermal reaotioos in 
which hei^t is absorbed ; and such reactions do not generally proceed 
direoUy, although they may take place with the aid of ehcigy (electri* 
cal, thermal, ^) borrowed from some foreign soarc^-^^ 

The redaction of imetals by hydrogen is taken advantage of for 
deiermining the exact eompoeition o/vxUer by weight. Copper oxide is 
vsiially chosen for thi| purpose. It is heated to redness in hydrogen, 
and the quantity of water Uius formed is determined, whe^ the quantity 
of oxygen which occurs in it is found from the loss of weight of the 
copper oxide. The copper oxide most be weighed immediate^ before 
and ^er the experiment. The difference shows the weight of the 
Odjgeo which entered into the compoftitioo oC the water formed. In 
thb m^i^r only solids have to be weighed, «hloh is a very great gain 
in th^ accuracy of the results obtainod.^' Dolox)g and Bercelius (1819) 
were the first to determine the composition of water by this method, 
and they found that Water containa 88*91 of oxygen and 11*09 of 
hydrogen in 100 parts by weight, or 8*008 parts of oxygen per one part 
of hydrogen. Dumas (1842) improved on this method,^^ and found that 

•^ 'SeTevU oamerical d«U •M reflections bearing on this in4tter are o&umer»t6d ia 
tColM 7i 9, ascl 11. Il muft be obwrred ^t the Action of iron or tino on wtter ii Hmn* 
4bli. Bui t^ reaction CoO^fij^wCufQiO it not rereniU^; the difterenoe between 
ike degree! of afBnity it veiy great in thit caae,<and, Cherefore, to far at It at prtteni 
lAiQim, no hydrogen it libett^ eren in the pretooco of a laige exoett of water. It ie 
io ba iortber remarked, that under the oo&ditioot of the dStaodation of water, copper it 
wtak oKSdited by wate^ beoftoie the oxide of copper it reduced by tree hydrogen. If %■ 
dsfioMe anoionnt of a melal and acid be taken and tbtir reaolion be oarried on in a doted 
^paoa» then the evolntion of hydrogen wiO oeate, when itt tention equals that at which 
awaye at ed hydrogen diiplaoet the metal. The retult dfpende upon tiie nature of the 
aiAal and the atreogth of the aolotion o! add. Tammann and Nantft (JW8) found thai 

Sisntftala atand in the foUowing order in respect to thit Uniiting tention of hydrogen :— 
a,Mg\.Zn,Al,Cd,Fe,KL 

*^ lidi detemination may be carried on in an apparatna lika that mentioned Id 
Vote 1$ of ChapterX 

* We wSll iffooead to detoribe Dnmat* method and retultt. For thit determination 
f pure and dxy^pper oxide is necettaxy. Dnmat took a luffldent quantity of copper 
oxide for the formation of 60 gramt of water in each determination. At the oxide ol 
eqpper wat weighed before and after the experiment, and at the amount of oxygen con- 
tained in water wat determined by the diflerenco between thete weights, it wat ettential 
that no other tubttanoe beiidet the oxygen forming the water thould be eyolred from 
the oxide of copper djiriug Ite igm'tion in hydrogen. It wat neceeeary, alao^ that the 
hj f drp g m ahouM be peHectly pure, and free not only from Iraoet of moittun^ hot fran 
•ay c&er imporitiet which might dittolve in the water or combine with the oopper and 
lonn eome.oUMor compound with it. The bulb containing the oxide of oopper (fig. tS)b 
K^)^ was heated to i«dnete, thould be quite ft^ from air, at othenriM the osyfoi fa 
;ttm sir flight, \ji com b in i ng with the hydrogen paaeing through the Teaeel, loiia watar 
Ha addttion to that formed by the oxygen of the oxide of copper. The vatir lomsd 
^should be entirely abtorbed in order to accurately determine ite quantity. IHi 
Ikydrogen waa eYolTed in the thraaniiclDed hottk. The fulphoiio acid, for aollsf te fki 
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Vfttercoatairisl2'575parUofh}rdrogeii per 100 parts of oxygen — tkatiit 
7-990 parts of oxygen per 1 part of hydrogen — and therefore it ia usuaUj 

tiiH> !• potmd thi'Tiieh ftujiaU 
iBtothtmiddJsaedi. Tlu!h7d;r» 
gan «»al'otl ia tlio Woulfo'" bottlB 
puHi Ihnmgh U tubei, in whidl 
it li piiTiS«d, to the bulb, whaia 
it Bomtt Into coctut nith tllS 



iBliUif 



ntido, (onni wtu 
.ndwm Iba otids to o 
,W)pp«i; llu wRter lonned ia 
<UpMi in thg Haond liulb; lua 
HT pMling o9 IB sbKiEbec] in tint 
MMmd nt of U tobet. Thit 1^ 
Qm gDaenl Birajigemeitt qI iha 
*pp>nta>. Tha bulb with tbe 
o«pp«' oxid* ia iioigh»d before 
•nd iJtci the eipcrimonl, Toa 
loH in naight itiows tha qnutitT 
of oiygen vhicb catered ja(d tha 
comiKitiliaD ol tha *Mt liirmad) 
the waigbt of tha UtUr beiu 
ahawn b; Iha gain Id -nlgbi 
As Abaorbing apiHuatua. Enow- 
bg tha ammot at o^rgen in tbo 
wklGC lormej, fn alio know Iha 
qaantitT at hrdrogm ctmtiiaed 
b ill Md eonwqnaatlf *e dciep 
Bklna tha cwipoiition ol water b; 
wtlgbt. liiia ia tha aiaanca ol 
ILa detumiriation. Wa will sow 
turn ta caitiiiii putioalua. Id 
one Hack ol the Uu««-t»ckail 
Icttle 1 tube ia plii««d dipping 
tudei meniuy. Thii uirei a* « 
(■lety.TajTB u pKvcDt the tw 
•tire miidd tha aptunliu b» 
comiDg too gictt froin tha npid 
arolulioD ol hjrdrosen. Il tb« 
1 juyo 
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•ooepted that water eorUaifu eight parts by weight of oxygen to one part 
by weight of hydrogen. By whatever method water be obtained, it wH) 

bydfogent and anenioxvited hydrogen is retained by the tube with silver solpbAte. 
Ckkuetio potash in the next U tube retains any acid which might come over. The 
two following tubes are filled with lumps of dry canstac potash in order to absorb 
any carbonic anhydride and moisture which the hydrogen might contain. The next two 
lubes, to remove the last traces of moisture, are filled with phosphoric anhydride, mixed 
with lumps of pumice-stone. They are immersed in a freeaing mixture. Th« small 
U tube contains hygroscopic substances, and is weighed before the experiment : this is 
in order to know whether the hydrogen passing through still retains any moisture. If it 
does not, then the weight of this tube will not vary during the whole experiment, but 
if the hydrogen evolved still retains moisture, the tube will increase in weight. The 
copper oxide is placed in the bulb, which, previous to the experiment, is dried with the 
copper oxide for a long period of time. The air is then exhausted from it, in order to 
weigh the oxide of copper in a vacuum and to avoid the need of a correction for weigh- 
ing in air. The bulb is made of infusible glass, that it may be ablo to withstand a 
lengthy (90 hours) exposure to a red heat without changing in form. The weighed bulb 
is only connected with the purifying apparatus after the hydrogen has passed through 
tor a long timo, and after experiment has shown that the hydrogen passing from the 
purifying apparatus is pure and does not contain any air. On passing from the con* 
denting bulb the gas and vapour enter into an apparatus for absorbing the last traces of 
moisture. The first U tube contains pieces of ignited potash, the second and third tubee 
phosphoric anhydride or pumice-stone moistened with sulphuric acid. The last of the 
two is employed for determining whether all the moisture is absorbed, and is therefore 
weighed separately. The final tube only serves as a safety-tube for the whole apparatus, 
in order that the external moisture should not penetrate into it The glass cylinder 
contains sulphuric acid, through which the oxccss of hydrogen passes; it enables the 
rate at which the hydrogen is evolved to be judged, and whether its amount should ba 
deoreaaed or increased. 

When the apparatus is fitted up it must be seen that all its parts are hermeticaUy 
light before commencing the experiment. When the previously weighed parts are coo^ 
nected together and the who^c apparatus put into communication, then the bulb contain- 
iag the copper oxide is heated with a spirit lamp (reduction does not take place without 
the aid of heat), and the reduction of the copper oxide then takes place, and water is 
formed. When nearly all the copper oxide is reduced the lamp is removed and the 
^)paratus allowed to cool, the current of hydrogen being kept up all the time. When 
cool, the drawn-out end of the bulb is fused up, and the hydrogen rscnaining in it it 
exhausted, in order that the copper may be again weighed in a vacuum. The absorbing 
apparatus remains full of hydrogen, and would therefore present a less weight than if it 
were full of air, as it was before the experiment, and for this reason, having disoooaecied 
the copper oxide bulb, a current of dry air is passed through it until the gas passing from 
the glass cylinder is quite free from hydrogen. The oondensing bulb snd the two tube* 
next to it are then weighed, in order to determine the quantity of water formed. Dumas 
repeated this experiment many times. The average result was that water contains 
1958'8 parts of hydrogen per 10,000 parts of oxygen. Making a eorreotion for the amount 
of air contained in the sulphuric acid employed for producing the hydrogen, Dumas 
obtained the average figure 1261-S, between the extremes lSi7*8 and 1866'ft. TUs 
proves that per 1 part of hydrogen water contains 7'00OI parts of oxygen, with a posaibls 
eiTor of not more than , i^, or 008, in the amount of oxygen per 1 part of hydrogen. 

Erdmann and Marchand, in eight determinations, foxmd that per 10,000 parta d 
oiygen water contains an average of 1,269 parts of hydrogen, with a difference of from 
1,968.6 to 1,248'7 ; hence per 1 part of hydrogen there would be 7*9969 of oxygen, with an 
error of at least 005. 

Keiser 1888), in America by employing palladium hydride, and by iatradadBf 




ftlwaye present tbe samo composition. Whether it be taken from nature 
and puKfied, or whether it be obtained from hydrogen by oxidfltion, or 
vhether it be separated from any of iti compounds, or obtained by some 
double decoiapoBition — it will in ever; case contain one part by. weight 
of hydrogen and eight parte of oxygen. This is because water is a definite 
chemical compound. Detonating gas, (rom which it maybe formed, is 
s siinplo mixture of oxygen and hydrogen, sJtbeugh a mLituro of the 
same compodtian as water. All Uie properties of both constituent 
gases are preserved in detonating gas. Either one or the other gna 
may be added to it without destroying its homogeneity. The funda- 
mental properties of oxygen and hydrogen are not found in water, and 
neither of the gases can be directly combined with it. Bat they may be 
evolved from it. In the formation of water there is an evolution of heat ; 
tor the decomposition of water heat is required. All this is expressed 
by the words. Water it a definite chemicoi wmjx/und 0/ hydrogen loilh 
oxygen. Taking the symbol of hydrogen, H, aa expressing a nnitqnan- 
tity by weight of this substance, and expressing 16 parts by weight 
of oxygen by O, we can formulate all the above statements by the 
chemical symbol of vrater, E,0. As only definite chemical compounds 
ftre denoted by formula:, having denoted the formula of a compound 
substance we express by it the entire seriea of properties which 
go to make up our conception of a definite compound, and at the 
same Ijioe the quantitative composition of the substance by weight. 
Furtlier, as we shall afterwards see, forniuhe express the volume of 
the gases contained in a substance. Thus the fomtula of water shows 
that it contains two volumes of hydrogen and one volume of oxygen. 
Beeidea which, we shall learn that the formula expresses the density of 
the Vapour of a compound, and on this many properties of substances 
depend, and, as we shall learn, determine the quantities of the bodies 
entering into reactions. This vapour density we shall find also deter- 
mines the quantity of a substance entering into a reaction. Thus the 
letters H^O tell the chemist the entire history of tho' substance. Thia 
is an international language, which endows chemistry with a simplicity, 
deamess, stability, and trustworthiness founded on the ioveetlgatioa 
of the laws of nature. 

*ukKuln*h[inK»iitioD>(orablBialiieucaTktoiMa]U,foniid the oompoailtoii ot irntar to 
b> IS^E paiU ol lajgea pet i of liTdiogeii. 

CerUin dI the Utait dat«niiiiuUoiu ol (Le UEspodtlon o( vstsr, U ■!■□ tlioH raijs 
by Damu. •i.in.jt gire lew liaa 6, uid oa the *T«ne« I'M. of oXTgeo per 1 put of 
h;diog«a. Bo*(!w, not one of thai* BguiM 1» (o be entinlj dspwded oa, and to 
ciduiuj HCOTHXJt uuj b« eomidered Uut O'lavben B»I. 
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CHAPTER m 

OZTOBK AKD TflS CUIEF ASPECTS OF ITS 8ALINB OOKBIKATIOirS 

On the earth's sarface there is no other element which is so widely dis- 
tributed as oxygen in its various compounds. * It makes up eight-ninths 
of the weight of water, which occupies the greater part of the earth's 
Rurface. Nearly all earthy substances and rocks consist of compounds 
of oxygen with metals and other elements. Thus, the greater part of 
sand is formed of silica, SiO^, which contains 53 p.c. of oxygen ; clay 
contains water, alumina (formed of aluminium and oxygen), and silica. 
It may be considered that earthy substances and rocks contain up to 
one-third of their weight of oxygen ; animal and vegetable substances 
are also very rich in oxygen. Without counting the water present in 
them, plants contain up to 40, and animals up to 20 p.c. by weight of 
oxygen. Thus, oxygen compounds predominate on the earth's surface. 
Besides this, a portion exists in a free state, and is contained in admix- 
ture with nitrogen in the atmosphere, forming about one-fourth of its 
mass, or one-fifth of its volume. 

Being so widely distributed in nature, oxygen plays a very im- 
portant part in it, for a number of the phenomena which take place 
before us are mainly dependent on it. Animcds bretUhe air in ordei* 
to obtain only oxygen from it, the oxygen entering into their respiratory 
organs (tho lungs of human beings and animals, the gills of fishes, and 
the trachffi of insects) ; they, so to say, drink in air in order to absorb 
the oxygen. The oxygen of the air (or dissolved in water) passes 
through the membranes of the respiratory organs into the blood, is 
retained in it by the blood .corpuscles, is transmitted by their means 
to all parts of the body, aids their transformations, bringing about 
chemical processes in them, and chiefiy extracting carbon from them 
in the form of carbonic anhydride, the greater part of fffhioh passes 
into the blood, is dissolved by it, and is thrown off by the longs during 



* at ttgtfdft the interior of the eurth, it probftbly containt ter leie osygtB 
poonde than the 8iiHAoe» judging by the aooomnlftted evidenoet of the eecth'e ocigiiw d 
caeUotitee. of the esrlh't density, Ac. (te« Ohepter VIIL, Note 68, end Obspl«r XIII., 
Vote 8) 
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fbe abflotption of the 013'gBn. Thas, in the procen of retpiratioa 
c&Tboaic anhydride (and water) a given off, and the oxjgea of the air 
ftbtorbed, by wiiich means tbe blood is changed from a rod venoot I 
to a dark-red art«ri&l blood. The oessatiDa of this prooesa caiuM j 
death, becaiue then alt tbose chemical procossce, and the cooaequeo* 
beat and vork which the oxygon iotroduced into the syGtem brcugbt 
abont, cease. For this reason suSocation aod death ensue in a racuum, 
or in a gag nhich does not contain free oxygen, t.«. which does not 
support combustion. If an animal be placed in an atmosphere of free 
oxygen, at first it« movemenle are very active and a general invigoratioo 
is remarked, bot a reaction soon sets in, and death may ensue. Xhs 
oxygen of the air when it entorsthe longs is diluted with four rolumet 
of nitrogen, which is not absorbed into the Bysteoi, to tbftt the blood 
absorbs bat a small quantity of oxygen from the air, whilst in aa 
atmosphere of pnro oxygen a largo quantity of oxygen would b« 
absorbed, and would produce a Tery rapid change of all parts of tha 
organisni, and destroy it. From what has been said, it will be under> 
stood that oxygen may be employed in respiration, at any rate for t 
limited time, ^vhen the respiratory organs tnSer vuder certain forms of 
enSbcstion and impediment to breathing.' 

The combustion of organic substances — that is, substances whioh 
make up the composition of plants and animals — proceeds in the sant* 
ttiaonor as the combustion of many inorganic substances, snch M 
•ulphur, phosphorus, iron, Jcc., from the combination of these substances 
with oxygen, as was described in the Introduction. The decomposi- 
tion, rotting, and similar transfonnations of substances, which prooesd 
C round 'tis, are also very often dependent on the action of the oxygM I 
f the air, and also reduce it from a free to a combined stat*. TIh J 

* n b artdsU Uiat tbs partial ptaann (ug Clu^t«r I.) Mb in rtiplnUoa. As 
ruMsAMcfPwlBsrtriMwedthiiwitbputiiHilualauDen. Ooclsr • prMiun ol (ias> 
filth ol sa Umotflbmt oouUtiiig ot DiTgem oslj, ADimaJi sod butDu beingi rsosiQ 
nsd«r Qw ordinu; eonditknu ol the purtiB] pmrara ol ci^geD. bat otguino* etnDDl 
^support air nn(M to ona.flnb, for then the putial pnuunol Uu> orrgaD Ul* lo OBS> 
tnntj-Uth ■>[ an ■Uaoapheni. Eno imdei a |)reHiiie ol oae-lhiid of u ainwiplwre Uw 
regnUr life ol ImmtD boiogi ii impouiblc, by ntiAD ol th« impouibEliIjr of raaplntioo 
(bacaoM of tha dectetgs ol lolnbility of oijgen in tlie blood), oatag to (be uaall putlsl 
frtiaauiu of the oiygOD, and tvA from any mochaaucaJ affact of lb* dotxaaae of lEaaatws. 
faol Bert illuairated all tliii b^ muij apehineiits, totne of whiab ha caadoDtad on Ub> 
self. Thta uplaint, aiDoDg otheF tlungi, the diuomlort (alt in Ihs mubI of bigh monlK 
Una M in baUwnu nhau Ibe baight naohed n»adi eight kilooiatraa, and U [ jaa m ss 
below SM mm. (ChapUi IL, Kola tt). It i* endeot Uul an actiAoial almaiiiwn km 
So be emploTad in Iha Moenl to gnat beigtitt, juat M in inbnivina work. The «iira b|r 
«Dnip(aued and nnHai tit which ii pnotiaad in oertaio iltnaaui ii bated panly«« 
the mtchankai action of the iLage ol pmsan, and partly on the illenlion a> tbt [urtMl 
pwiiui] of the leapirad oi^gsa. 
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ittftjority of the oompoonds of oxygen are, like water, very stable, and 
do not give up their oxygen under the ordinary condition^ of nature. 
As these processes are taking place everywhere, it might be expected 
that the amount of free oxygen in the atmosphere should decrease, 
and this decrease should proceed somewhat rapidly. This is, in fact, 
observed where combustion or respiration proceeds in a closed space. 
Animals suffocate in a closed space because in consuming the oxygen 
the air remains unfit for respiration. In the same manner combustion, 
after a time, ceases in a closed space, which may be proved by a very 
fdmple experiment. An ignited substance — for instance, a piece of burn- 
ing sulphur — has only to be placed in a glass flask, which is then closed 
with a stout cork to prevent the access of the external air ; combus- 
tion will proceed for a certain time, so long as the flask contains any 
free oxygen, but it will cease when the oxygen of the enclosed air has 
combined with the sulphur. From what has been said, it is evident 
that regularity of combustion or respiration requires a constant renewal 
of air— that is, that the burning substance or respiring animal should 
have access to a fresh supply of oxygen. This is attained in dwellings 
by having many windows, outlets, and ventilators, and by the current 
of air produced by fires and stoves. As regards the air over the entire 
earth's surface its amount of oxygen hardly decreases, because in 
nature there is a process going on which renews the supply of free 
oxygen. Plants^ or rather their leaves, during daytime,' under the 
influence of light, absorb carbonic anhydride CO), and evolvejree oxygen. 
Thus the loss of oxygen which occurs in consequence of the respiration 
of animals and of combustion is made good by plants. If a leaf be 
placed in a bell jar containing w&ter, and carbonic anhydride (because 
this gas is absorbed and oxygen evolved from it by plants) be passed 
into the bell, and the whole apparatus placed in sunlight, then 
oxygen will accumulate in the bell jar. This experiment was first 
made by Priestley at the end of the last century. Thus the life of plants 
on the earth not only serves for the formation of food for animals, but 
also for keeping up a constant percentage of oxygen in the atmosphere. 
In the long period of the life of the earth an equilibrium has been 
attained between the processes absorbing and evolving oxygen, by 
which a definite quantity of free oxygen is preserved in the entire maM 
of the atmosphere.^ 

' At night, without the action of light, withont the absorption of that eneigywhieb i* 
required for the decomposition of c&rbouic anhydride into free oxygen and carbon (which 
U retained by the plants) they breathe like animals, absorbing oxygen and CTf^Tiiig 
esrbonio anhydride. This process also goes on side by side with the reverse prooccc in 
Iht daytime, but it is then far feebler than that which gives oxygen. 

* 11m earth's s^aoe is equal to aboot 610 million ■qoare kilometres, and the maesof 
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Oxygen was obtained as ah independent gas in 1T74 b; Pi-iesttey in 

£iDglaiid and ia the Eame year bj Scheele in Sweden, but its nature and 
great importance were only perfectly elucidated by Lavoiaicr. 

Free oxygen may be obtained bj one or other method Erotn all (he 
Bubstancea in which it ooeura. Thus, for instance, the oiygen of many 
substances may be transferred iaia water, from which, aa we have 
ali'eady seen, oxygen may be obtained.' We will first consider the 
methods of extracting ojygen from air aa being a substance everywhere 
distributed. The separation of oxygen from it is, however, hampered 
by many difficulties. 

From air, which contains a mixture of oxygen and nitrogen, tho 
nitrogen alone cannot be removed, because it has no inclination to 
combine directly or readily with any substance ; and although it does 
combine with certain substances {boron, titanium), these substances 
combine aim ultaneonsly with the oxygen of the atmo9phere>^ However, 

the iiir (mt * preunre dI TAO dub.) iA .tub kilomclre of tnrfmco li Hbout ID) thauuod 
mlUioni ol kitogruii, or tboul 10) aiUioD toQi ; Iharcfoio tbo whole might of the fttmo' 
iSphen ii about 5,100 nulLioa milUon {''Sliia") 1ob4. Conuqnantlj (bate *re tibaoX 
S ■ ID'" tool ol titt oij'gea in the eirth'a nlmosplien. The iimiimeiibls Mri«» o[ ()ni- 
Dfl^ft which kbioTb ft portion of thi> ozygfln ue GotupAoealed for bj Iba pluit proeeoieg. 
A*n"ning thtl 100 KiiUiDB too* of Tegel«ti1q OKtlu, conlaliuDg 10 p c. ol cubon, f bnaed 
bow cubonic Kid, jm prodmed (and the euno pioMH i>race<<di in nler) pec yeu on 
the 100 miUioo tqam fcUometcei ol itj Und (Ud tarn of cooli, luvet, Btumt, lit., per 
heclu-e, 01 T^ ol ft kjoub idlometia), wa find thftt th> plftot life ol Uie irj tftod give! 
■boot lOO.COO toDi of oijgDii, nhlch it fts inwciiificuil frftolioD ol ths entire mua of tbs 

> The ettnttloD of oiigan Ham-wtltr ouj be efleoted bf two proMitet : eilbw by 

the docoLnpoaitioD of wftter into lIb cfuutituvnt pftrtft bj (he ftctLon of ft gftltuiic ourreDt 
(Chftptecn,), oibymeuuofUurenWTftlat Om Jjjdrogen trom wftlci, Bnl. bi we hiie 
•oenftnd tlietdy lauw, hidiogea eaten iota diT«JIeombUifttiaDwitl>rei;Nwiub>tuii«i, 
and than onlj under ■peoiftl oinnmitftnee* ; whilit oijgen. u we bIaU aaon Uut], com- 
Unai with nuclj ftl] labilftncei. Only giKoaa ehlorine <ftiid, eipeeiaJly. (luDriDC) la 
eftpftblo of deoonpoBlbg wfttar, tftkiag up the hydrogea from it, withoat combining with 
the oi^gsn. Chli^ioe ia aolubloln wftler.wd^l ui iqueoas toluiioool chlorine, to- «11h] 
cbtoriue wftler, be poured inlo a AkhIi^ and this Ifaali he inverted in ft baftin conlftinia^ 
the tuaa cUorlno walw, then we ihall bftva fta ippunlub)' meaoi ol whidi aiygeD ma; b« 
ttilrftotad from water. At the oidinarj lamperfttDrs, and in the dftik, chlorino doea nol 
Mt OQ water, 01 only ifis nej feebly ; bat ander the action of dinet nnlight chlorine 
dsconipoaea water, with tho erotatiDn of mygsa. The chlorine than combiaes with Iha 
hydrogen, and givea hydrocblorie aefd, vhieh diaaDUee In Ihe water, and therefore free 
oiygen odI j will ho aepuatcd (ram (he laqoid, aad it wHI oa) j eontols • aiaall qoantitj 
of chlorine in admiilure,' which can be ea#ily lemoredby paaaiog (be gas thiough a 
•alatlon of caualic potash, 

■> A difference In the pbyaical propettiea of both gu«a cfttinot be here taken ad TanUgs 
of, beifUiae Ihey are voir almilu in (bi* reipert. Tboa the danadty of oiygen ia IS tluee 
and d( oitrogeD 14 limai greater than the denaily of bydrvgeo, and (herefote porotu 
vcuela cuinol bo here employed— the diBuieDce between the timee ol their paeia^ 
Ihcoogh a porona lUifaee wonid be too inalguIScant. 

Oraham, however, aoesesded In enriching all in orygen by paatbg It throujih India- 
rabber, Thia maj be dcna Id Om toUowliig waj i— A odoudoii indift-mbbei coibioi^ m 
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oxygen may bo separated from tit by causing it to combine with sub- 
stanoes which may be easily decomposed by the action of heat, aod, in 

r-pomp, 01, bet(*l 

'r.*,c, B), When 

I hSB pumped oat the tji, irliicb iriU bo lecn bj Ibe 

laiDtocmpl&l'gtnui). and Irom its itAndisgapprrai. 

leigUt, thsii i t iQK jbe oleuif obterred that gM puaaa thrmigb lb* 

indu-rubbep. niiiiailKt«D 

Irom the tut Uut bobbin of iM 

coiitino»Il]r ptM tlong with tha 

nurcniy. An^DipreHonruj 

b« conttutlj muDbbOttd in tha 

onihion bf pouring meseorj 

Into bhn fitnlwl n. end KrBwlog 

op tba pinsbsook c, k that th« 

■tnuc flowing fpoio il !■ moulIX, 

and then a poiUoo o[ Ibe lir 

pkuing Ihiouoh tbo indib 

mbber will be cmriod Uong 

with the mercurr- ^lii* *^ 

m*]' b« collKted in the cjlio- 



^ bonis •objdHdc.i'hilil ordiiiuj 
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'tie ol iB^fcrubb«r 
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•0 doing, give ap the oxjgeo absorbed —that is, bf makiog use of ra- 
reraible reoctiona. Thai, for instance, the oxygen of the atmocphere 
m»7 b« made to oxidiso Bulphurous anhydride, SO, (by passing directly 
over ignited spongy platinum), and to fonu sulphuric anhydride, or 
sulphur trioxide, SO, ; ftnd this subalsace (which is a solid and volatile, 
and therefore easily separated from the nitrogen and snlphuroaa 
anhydride), on further heating, gives oxygen and sulphurous anhydride. 
Caustic soda or lime extracts (absorbs) the sulphurous aahydrida 
from this mixture, whilst the oxygen is not absorbed, and thus it is 
isolated from the air. On a large scale in works, as we shall afterwards 
■ee, sulphurous anhydride is transformed into hydrate of sulphurio 
trloxide, or sulphuric acid, HgSO^ ; if this is allowed to drop on to 
red-hot Bagstonea, water, sulphurous anhydride, and oxygen are obtained. 
The oxygen is easily isolated from this mixture by pawing the gaaw 
over lime. The-extroction of oxygen from oxide of mercury (Priestley, 
lAvoisier), whifh is obtained from mercury and the oxygen of the 
atmosphere, is aluo a reversible reaction by which oxygen may be 
obtained from th< atmosphere. So also, by passing dry nir through a 
red-hot tube containing barium oxide, it is made to combine with the 
oxygen of the air. In this reaction the so-called barium peroxide, 
BaOj, is formed from the barium oxide, BaO, and at a higher tempera- 
ture the former evolves the absorbed oxygen, and leave« the barium 
oxide originally token.*' 

anhydrido ponetrato in the unis timo » oeo voluiia of nilrogen. Bf oulUpljing Umm 
ratiot by tlu mmoaoh of tfaoH gKH< in 4ir. we oblun Qguni vhicta Mm ^ almMt Iha 
Mae proponiea h Uw Tolamisa ot (be guai penetnliDg (rom aJt through India-nblnc. 
It Uu pTOMU ot diklfaii ba tapwMd an the ur irbich hu tlready [iu«d Hmngh India. 
nbbu, ibap % miiton oooUinjog flfi p.0. by Toltuna of oijgta it obuinad. II in>T b* 
(boi«ht tbftt lbs UUH of thii pheoaiiiBDaii ig tbs tUcrptioa or occtailoD |tM Chip, U., 
Koti S7) ot (^H> by iadik-nibbarvidtkoeToIiiUoo of the gHdiuolTed inftncaniB^ mX 
Indeed, indii-iabbar da«eftbMrtigMa>ieiped>llycuboiucuib^ride. Onhun oaUadtba 
above melhod ot the daoampoulitHi ot ur atmoli/tU' 

• Thepnputlionalatfgga by Ihu method, Kbicb lidoelo BouHliig4iil(,I>aaadttotad 
W BpcrceUiD tnb«, which is pUo«d in ■ ilotg tiMtsd bf chaKosLio that it* audi pn>f*al 
beyuDd the Btom. Buidid oxide (which ttu; ba obuined bj ignitiog buion oitMHi 
prvTionit; dried] it pUoed in the lube, one eod of vhiDh U ooanadad with • paii el 
bellows, or ■ gas-holder, for keeping op a Gsrraat of air thnngh It. Xbe air ii ptariooil) 
pMHd thtoogh ■ •olatioB ot ceailic poteifa, to lemoia all tract* of oarboiic anhjHliid^ 
aod it ia ver; oanfulty dried (tor tlw hrdialr BaH,0, dOM not give Iba paroiida). At ■ 
dart-rerl Aeal (SDIMOO") the o(ida of bariom abwirba oijgaB fram tb* ail, aa that the gM 
hailngthe iDbecostiila ahnwl eDlirelfof uitrogeii. Vim the abMrptkiit eiaaWithailr 
■in pua thnngh the lobe onchanged, wluch mej'be recogniaedbomthataot that itaap- 
porte combatlioD. TlinliiiiiiminiiliMi iimiiiitiii1 iiihumiiniite iiiiiliii ItienMiiiiniiiiilaiinaa. 
aod eleven part* of barimo oiide abeorb aboDt one part of oiygen by weight. Wlhen Iba 
abaorption oea * e>, one end of the taba ta cloied, a oorh with a gae^coDdtiding tnba i* fUed 
Into the other (ndiiadtbe beat ot the *ta>e is increaiKl to airifU-retftuI (800°). At 
Qiii MmperatOM tb* barium |«Ki>id» gim op itU th*l oiygin whirb it aoqaired at ■ dait- 
ndhaat—J-*. about ona part b; weight of oijgeniievolredlnini twolie parti of bariui 
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Oxygen ia evolved with particular ease by & whole series o{ nnaUbla 
oiiygen compoanda, of which wo Ehall proceed to take A general tnmy, 
nmarkiDg that many of tbeso reaetioDs, although not all, belong to the 
number oE reversible reactioua ; ' bo that in order to obtain niany of 
these substances (for instance, potassium chlorate) rich in oxygen, 
recourse must be had to indirect methods (see Introduction) with 
which we shall become acijuainted in the coarse of this book. 

1. 7!ft« e^mpovn'ti of otnigen with certain metali, and especially 
with the so-called noble metals— that is, mercory, silver, gold, and 
platinum — having once been obtained, retain thtic oxygen at the ordi- 
nary temperature, but port with it at a red heat. The compounds are 
solids, generally amorphous and infusible, and are easily decomposed by 
heat into the metal and oxygon. We have seen an example of this in 

pcioiida. After Ihe •ToIslioD ol lb* oxygw Ultra tvBuia* Mm barioiD oiiil* wbicb *u 
origiiuUr UlieD,*a Uut iklr uu; b« kgtin puaed ovoi it, and ibt* tb* pivpanlliiu ol oiifni 
Iiom one uid Ibo unu qnutitj oF buliua oxide inkjb«r>pwted minrliiiist. Otjgui 
lik> brcD ptDdDCei on« bbndrod timai bom ooe mui qF oiida b; thu mEtboS ; all Uis tia- 
tetttiy prsuutiont being laksn, m Nmrdi th* Icmpsnton ol tfae mui ud tb* tviaenJ 
ot Doiituro and cubooio ■oidboDi Ui« ait. UuIbh tb«K preosutioD* b« Uket, Uwisitu 
otoiido aooa ipoila. 

Ai o>f gau nuj b«0Di6 of oontidfnble l«cliiiinl nie, from iti upftcilf for (^ttng 
higb tnnpirttac*! ud intcuH light in ths combiution of •nbrtuioe*, lu jucpumllOD 
dirwtlr tram ^ by ptaoticd nutboda lonna ■ problem iibow wlutJOD ntvrj ioyeiti- 
gitoneontinoelowork *% up totbr proMiild»y. Tho moil prioliciJ melhodi tie tboH 
ol Teaii^ do MoltT dcd Kuinoi. Thu first ia bucd od tbe fact thst a miitnrs of oqoal 
waigtali ol tnuigtneaa pstotids uid otaiUo iwda al ui iacipient ni tmt (eboul mV) 
•bwrbi oiygan troDi air, with tbe aapanUonof walar.MOordiDg to the egiutloa HnOi* 
tNaHO+0-K»|HBO(+H^. U anpalwUed ataain. at a temperatwa of iboDtlM*, 
b* Ihao pHiad (broiigli the mixtora, tba manjatuian peroxide ud oautio tsda Drlginally 
(akao at* raganarsted, viA the oijfen bald b; them ia oiOlTad, aooordbijt to the rsvatM 
*qiiaUanH»tUDOt+H/)-l(DO.-t'llNsHO-fO. Thia mode ol pnpuiog oxjgan iqir b* 
rqieatad tor so inAnlla nunbar c^ Uinn. Tbe cajgen is combiidDg liboaM wtler, ud 
ilaani. actiag oo the moltant fnbatuioe, eiolf ei oijgon. Hanee all that ia reqsinid for 
lb* prapusUoD ol oijgu by this me^od ii la«l tod the alternals cBtlini; oil the anpply 
of til and atawn. Ia Kaanar'a prooeai (ISSl)* mlitnniot oiide of latA ud lime (PbO -f 
BOaO) la baalad to rednaaa la the pmeoae ol air, otygan ia then ibtorbed ud calclom 
phnabate, CaiPbOv lormad. The Utlsr is ol ■ eboeoUto eoloor, and on tartlitr heatiog 
•rolTaa Bijgaa and gl*M the oiigiaal miitote PbO + BOaO— that ia, the pbenomeDon ia 
naaanHaHir the auna M In B«Daaisg>nlt'a proeaaa (with BaO), bnt acoorJiog to Le Cbate- 
]i« (IBIB) tbe diiaoclation tenaian of tbe oiTgan araliad from CafPbO, ia iMa tbkn nitb 
BaOg at eqoal tampeiMotM ; Cor Inatanoe, ■( B40°, 119 mm. ol marsarj tor the Aral, ud 
lot tbe UtterSlO mm. al 710°, and 670 mm. al T>0°, while lor Ct^bOi thim tanaion \m only 
rcMbod at 1,080°. Howerer, in Kstauer'a proeeaa the oiygen ia abwirbed mom tmpidlj, 
and the iniliietioe ol the pretence ol moiatDce ud COi in the kir ia not so mulled, ao that 
tbia proceti, like Ibtt ol Teiait dn Molay, deierroa coniidentioB. 

* Eren the decompnaition ol mauguisH peroiide Is nivenible, ud It may be re- 
obtained Icom that auboiide {or ill aall«), which ia termed in the eToIulion ol oxygsa 
(Chap. XI., Note 6). The eompoonda ol cbromia acid contuning Iho trioiida CrO) In 
eiTolving oiygen gire obrbmiom oxide, Cr^i, but they re-form tbe iall rt ohromia SoUt 
•ben haatad loradneu In ait with u alkali. 
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■peaking of the decompoeition ot mercury oxide. Frieslley, in 1774, 
obtained pure oxygen for the 6rst time b; heating mercury oxide hy 
means of a burning-glass, and clearly showed its difference from air. 
He showed its characMristio propertj of Eupporting combuatioa 'with 
remarksble vigour,' and named it dephlogisticated air. 

S. The substances called p^roxidft ^ evolve oxygen at a greater or 
less heat (and also by the action of many acids). They usually contain 
taetals combined with'a large quantity of oxygen. Peroxides are thft 
highest oxides of certain motala ; those metals nhich fonn them geoa- 
rally give several compounds witli oxygen. Those of the lowest degrees 
ef oxidation, containing the least amount of oxygen, are generally sub- 
■tances which are capable of easily reacting with acids— for instance, 
with sulphuric acid. Such low oxides are called bases. Peroxides 
contain more oxygen than the bases formed by the same metaU. For 
example, lead oxide contains 71 parts of oxygen in 100 parts, and is 
'basic, but lead peroxide contains 13-3 parts of oxygen in 100 partt. 
Manganete pt^vxide is a similar substance, and is a solid of a dark 
colour, which ooours in nature. It is employed for technioal purpoue 
under the name of black oxide of manganese (in Oerman, ' Braunst«in,' 
the pyrolusito of the minRralogiat). Peroxides are able to evolve - 
ixygen at a more or less elevated temperature. They do not then part 
with all their oxygen, but with only a portion of it, and are converted 
into a lijwer oxide or base. Thus, for example, lead peroxide, on heat- 
ing, gives oxygen and lead oxide. The decomposition of this peroxide 
proceeds tolerably easily on heating, even in a glass ve«sel, but manganeie 
peroxide only evolves oxygen at a strong red heat, and therefore oxygen 
can only be obtained from it in iron, or other metallic, or clay vessela. 
This was formerly the method tor obtaining oxygen. Manganese 
peroxide only parts with one-third of its oxygen (according to the 
equation 3MnO,=MnjO,-*-0,), whilst two-thirds remain in the solid 
substance which forms the residue after heating. Metalhc peroxidea 
ftre also capable of evolving oxygen on heating with sulphuric acid. 
They then evolve just that amount of oxygen which is in excess of 
that nec^sary for the formation of the base, the Utter reacting on 
the sulphuric acid forming a compound (salt) with it. Thus barium 
peroxide, when heated with sulphuric acid, forms oxygen and barium 
oxide, which gives a compound with sulphuric acid termed barium 
sulphate (BaO, * H,SO,=BaSOj + HiO + 0).' »'• This reaction usually 
> V!e tfakU tlUmrdK •« Uul [[ ii only intKUnoes lika bviam peroiid* (irhieh 
filre bTdrogfln iicroiida) which ihimld b* nmaM H tru* psncidei, ud ttut UnOk PbO^ 
Ac, should bs distlDguiiliHl ban them (lhajr do not giie bjdngen jiuroiidc trlthMida)^ 
■Bd Ihanfon it !• beit lt> ull tliao dioiidsi. 

Pdniids of barium alM (iT«> oxjgMi at tb* ariiaaij twnpuMata Id tta« (NMSM^ 
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ptoceecU with greater ease thfin the decompoaition of peroxides by heat 
alone. For the purposes of experiment powdered manganese peroxide is 
usually taken and mixed with strong sulphuric acid in a flask, and the 
apparatus set up as shown in Fig. 28. The gas which is evolved is 
passed through a Woulfe's bottle containing a solution of caustic potash, 




FtO. 98.— Preparation of ozrg«n from omunoeie peroxide and inlpbario acid. The gas evolved 
ia pataed Uirou^li a Wouue'i bottle oontalnlag oauatlc poUah. 

to purify it from carbonic aftihydride and chlorine, which accompany the 
«Tolution of oxygen from commercial manganese peroxide, and the gas is 
not collected until a thin smouldering taper placed in front of the escape 
orifice bursts into flame, which shows that the gas coming off is oxygen. 
By this method of decomposition of the manganese peroxide by sul- 

of thA aolationt of many tabtUncei in a higher degree of oxidation. In thit reapect we 
may mention that Kaasner (1800) pcopoeee to obtain oxygen for laboratory porpoaea by 
mixing BaOg with FtKaiClf)^ (red prossiate of potaahj Chapter XXIL) : the reaction 
pfoceeda with the evolution of oxygen «ven on the addition of a very amall quantity of 
water In order to enaore a gradnal evolution of gat the anthor propoaet to introduce 
Iwth eabetanoea into the reaelkm, little by little, instead of all at once, which may be 
done with the following arrangement (Oavaloffaky) : finely .powdered peroxide of barium 
is placed in an ordinary fiaak and inilicient water it added to fill the flatk one-third 
inlL The cork closing the flatk hat three holes ; (1) for the gat-conducting tube ; (9) for 
a rod to ttir the BaO« i and (8) for a glatt rod terminating in a perforated glaaa veasel 
containing oryttalt of FeKs(CN)e. Whsn it ia desired to start the evolution of the 
oxygen, the vessel is lowered until it is immersed in the liquid in the flask, and the BaO^ 
is stirred with the other rod. The reacticm proceeds according to the equation, BaOa-t- 
«Fars(CN)«- FeK4(CN)e4 FeK«Ba(CN)«-»-0,. The dooblesall, FeBa,(CN)«, crystallises 
OttI from the mother liquor. To understand the course of the reaction, it must be remem- 
bsted BaOa is of a higher degree of oxidation, and that it parts with oxygen and gives the 
bMe BaO which ei&ters into the complex salt FeKaBa(CN)« » Pe(CN), -i- fiKCN •» Ba(CN)«, 
sad this latter -BaO-f 8HCN-HaO. Moreover, FeK,(CN)« contains the salt Fe9(CN)« 
i^jbieh also oorresponds to the higher degree of oxidation of iron, FoaOs, whilst after the 
c^eetion a satiaobteanedwhisli contains Fe(CN)«, and oorresponds to the lower degree of 
oxidation, FeO, so that (in the p r es enc e of water) oxygen is also eeifree on this side also, 
i^ tl|e rsaetioa gives lower dtg i iss ol oxida t ion and oxxgenc 
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phuric acid there is evolved, not, as in beating, one-third, hot one-baif of 
the oxjgen coolainod in the peroxide (UnOj + U,SO,=MiiSOi + H,0 

+0} — that is, from 50 grams of peroxide about 7} graniB, or about 5^ 
litres, of oxygen,'" whilst bj heating only about 3^ litres are obtained. 
The cbentists of Lavoisier's time generally obtained oxygen by heating 
manganese peroxide. At the present time more convenient methods 

3. A third source to which recourse may be had for obtaining 
oxygen is represented in aeUi and lallg containing much oxygen, 
which are capable, by parting with a portion or atl of their oxygen, 
of being converted into other compounds (lower products of oxidation) 
which are more difficultly decomposed. These acids and salts (like 
peroxides) evolce oxygen either on heating alone, or only when in the 
presence of some other substance. Sulphuric acid may be t&ken as on 
example of aa acid which is decomposed by the action of heat alone," 
for it breaks up at a red heat into water, sulphurous anhydride, and 
oxygen, as was mentioned before. Priestley, in 1772, and Scheele^ 
somewhat later, obtained oxygen by heating nitre to a red heat. The 
best examples of the formation of oxygen by the beating of salts is 
given in potoiiiutii chlorate, or Berthollet's salt, so called after the 
French chemist who discovered it. Potassium chlorate in a salt com- 
posed of the elements potassium, chlorine, and oxygen, KCIO,. It 
occurs as transparent colourless plates, is soluble in water, especially in 
hot water, and resembles common table salt in some of its reactions and 
physical properties ; it melts on heating, and in melting begins to decom- 
pose, evolving oxygen gas. This decomposition ends in alt the oxygen 
being evolved from the potassium chlorate, potassium chloride being 
left as a residue, according to the equation KC10,=KC! + 0,." Thi» 

■' 8cbf«lE. ia ITSC, dinooTend the mathoil ol ubtusipg (oygsii b)' trentiiig tnsagutM 
pttoiid* with iDlpbiirie uid. 

" All (cMi rich In oinea, uid eipniiUj tboie *h»e slemtala fonn loo 
Svd]t« oijeul eHhor direotly ti ihe ordiiurr tampmtara (foi imUoOQ^ tarnc uid), « on 
hotting (mtrio, msnguiic, chnmic, rblOric, vnA othen), oi Lf b*^c lOWflr oridoa SM 
lOriDsd bom them, by heirfiag iritb aalpUunc uid. Thai Uis ulta ol chromic scid (tot 
eiiui)|>]4.pot*uiiuDdickTomstc,K]C[,0,)givBoi7g«Dinth iDipharic acid; Bntpotuiium 
puLpfasts, R3BO4, it fomwd, and thflo thechromid acid Mt Frea gina aniphiirlc acid sail 
of Uw lawai Diids, CigO]. 

» Thia ivactioB ii not revar^le, and ia oxoUwrnial — that is, i> doea not abaorb haat, 
tmt, on Iho OODtrary, •volirn 0.718 caloriei per molKular weight SCIOj, equal U in 
(4Tti ol Hit (aoooidiBg to ths ditanniiiatioa ol IbomtoB. irho boral brdrogen in a 
«al(iniaaler ailbar alona ot vilh ■ deSnita qoantity ol polaniom chlotala mined with 
osida ol iroD), It doei not proceed at once, bat Gnl [anna penhtDrate. KOO^ {an 
Chloriaa and Potaaiioni), It ia to be ramaiked tlial pottsBiom chlDrido malta at 7M°, 
potaHiDin chlorate at 89(1°, and potmaiiuD nerchlorate al 010° (Concaining ih* dMOiB- 
(oulion ol KClO], h> Cbaptai II., Nol« H.) 
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decomposition proceeds at a temperature which allows oE its being 
conducted in a glass vessel. Eonever, in decomposiDg, the molten 
potassium chlorate swells up and bolls, and graduallj solidifies, so the 
evolution of the oxygen is not regular, and the glfiss vessel ma.; crack. 
In order to overcome this inconvenience, the pntassinm chlorate ia 
crushed and mixed with a powder of a aubstance which is infusible^ 
incapablcof combining with the oxygen evolved, and ia a good conductor 
of heat. Usually it is mixed with manganese peroiide." The decom- 
poaition of the potasainm chlorate is then considerably facilitated, and 
proceeds at a lower temperature (because the entire masi is then better 
heated, both externally and internally), without swelling np, and this 
method is therefore more convenient than the decomposition of the salt 
alone. This method for the pi-eparation of oxygen is very convenient ; 
it is generally employed when a small quantity of oiygen ia required. 
Further, potassium chlorate is easily obtained pare, and it evolves 
ranch oxygen. 100 grams of the salt give as much as 39 grams, or 
30 litres, of oxygen. This method is so simple and easy,'' that ft 
course of practical chemistry is often commenced by the prepaistion 
of oxygen by this method, and of hydrogen by the aid of ano and 
sulphuric acid, since by means of these gases many interesting and 
Striking experiments may be performed,'^ 

A solution of bleaching poieder, which contains calcium hypochlorite, 
CaCt]0„ evolves oxygen on gently heating when a small quantity of 
certain oxides is added — for instance, cobalt oxide, which in this caia 
«ct8 by contact (tee Introduction). When heated by itself, a solution 
of bleaching powder does not evolve oxygen, bat it oxidises the cobalt 
oxide to a higher degree of oxidation ; this higher oxide of cobalt in 
contact with the bleaching powder decomposes into oxygen and lower 
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(oxidation products, and the resultant lower oxide of cobalt with bleach- 
ing powder again gjres the higher oxide, which again gives up its 
oxygen, and so on." The calcium hypochlorite ia here deoomposol 
•coording to the equation CnCijO,=CaCl, + 0,, In this manner » 
•mall quantity of cobalt oxide" is sufficient for the decomposition of an 
indefinitely large quantity of bleaching powder. 

T/te propertiai of oxygen.^* — It is a permanent gw — that is, it can- 
not be liquefied by pressure at the ordinary temperature, and further, 
is only liquefied with diSiculty (although more easily than hydrogen) at 
temperatures below — 120°, because this is its absolute boiling point. 
A« its critical pressure '^ is about QO atmospheres, 4^can be easily lique- 
fied under pressures greater than 50 atmospheres at temperatures 
below —120°. According to Dewar, Che density of oxygen in a critical 

" Such is, i.1 pteunt, the ool; poaBibls method dI ciptuaiDg tbe pheDomauon at 
nontact «tl0B. Is DtU]' euei, anch u the preat-nt one, it ia aupporttd \>j obiervttiaas 
~ ir inatuin, il La koowo, na rvgtrdt 0x7^0. Lh&t oHca (wo tul^ 
•Jo it K) long u (baj ue HpukM, hot diceotl; Ihej come iolO 
[red (ram both ot Ihem, Tim*, ui iLqOKiiu K>lalioD ol h;dn)- 
twico u much oirgen ju wnlar) uAt in this mumer on iUtw 
jd mjpoD). Thii rewAion Iftkae pUce %\ Ihe ordinafy Iflmptta- 
olred from both rompooada. To Ihia ilua ol |>beaom«iu mar 
ra of bATiam peiDiJdb uid potftuimn mtagui&to 
itfgea Ht the ordibBJT tdmpenture iNole S bia)i 
II would ■eem Uut Ihi oaHnce ot pbenomeiu ol tbia Idnd ia antitelr .;4id puiclT a 
pnputj of oontut ; lbs diitribaUoD ol tba ttonu it chjiogsd bjr oontKt, ud if the 
•qnilibrliun be nsUiibla it Is d«t»Ted. Thii ia more eapeci&Uj oiideot in the mm 
cl thote inbttuices which chacge oxdtberuuUy — thkt i>, for thoae reActioui which *n 
Hcompuiiod b; UI aTolution ol faMt. Ths dscompoiilion CiCIgOt'CsClg-f O] beloogt 
Id this c\mm* {hk« Ihe deccmpoiilion of poluaium clitorAlel. 

" Genenll; a aolotion of bleuhiiig' powder ia alkaline (cootAiiii free lime), ind 
Iherelore, a. aolution ol cobttlt cUoride ii added dlEoctlj to it, bj whioh meuia the oxidA 
of oobklt reqnind for Ihs roBetign i> [omwii. 

■* It moat be icmuked thit in iJl Ihe relictions «boTo mentioDod the fotuutioii ot 
OVTgeo BUJ be prerented by tha ftdiojitare of aobatanci^a capable of oombining with il-^ 
tm aumpls, chucod, lUiir mrboo (orgwuc) compoimdi, anlphur. phofphami, tttd 1 
Taxiou lower oiid&lio& prodooti. &0. Theu eabiitsjicea ibiorb the 1 
flombiDS with It, mnd ■ eompound oontniniiig oiyeea ia formed. Thai, if ■ minnn of ' 
pMAHiam chlorate uid charcokJ be heated, do oiy^a i« oblwned, b 
Itkn pUo* tmm the rapid - formiitioo of gaaea resulting from Ihe combinaliaD of ttw 
oiygen of the potasaitim chlorate with the charcoal and the amlatioD of gaaeoaa CO^ 

Tht oxjgan obtained bj any ol the above.deacnb«d malbodl ia rarely pore. It 
fuwtaUy oontwn* wiaeotia Tapour, carbonic anhydride, and Tery often snail IraMi ol 
•hlodiM. The oxygeo may be Iraed from tboae [mpnritiea by paaaing it ihroDgh a aola. 
Hon of onulio potaah, and by drying it. II the potaanium chloiala be dry and piuv, il 
givaa almoit puis oiygen. Howaier, H the oiygen be rcqnirod lor reapiration In catoa 
of aicko oa a, il ibould be washed by pauing il through a Nation cl caualio alkali and 
Uunigh water. The beat way 10 obuin pure oiy^cn directly ii to 
pndiloma (KCIO,), wbich can be well punfled and then cTolrca | 
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state is 0'S5 (wat«r=l), but, like all otb«r aubstaticea in this stato,*' it 
variN cgnsiderHbl; in dejmty with u change of preuare and tampers, 
tnre, and therefore ntanj invesligntors who made their ohservationa 
under bigli pressnrss give a greater density, na much a* I'l. Liquefied 
oxjgen is an exceedingly mobile transparent liquid, with a fnint blue 
tint and boiling (tensions 1 atmosphere) about —180" Oxygen, like 
all gases, ii tmneparont, and like the majority of gases, colourless. It 
hat no smell or tuste, which is evident from the tact of its being a com- 
ponent of air. The weight of one litreof oxygen gas at 0° and 760 mm. 
preesure is 1-4298 gram ; it is therefore slightly denser than air. 
Its density in respect toair=l'IU56,and in respect to hydrogens 16." 
In its chemical properties oxygen is remarkable from the fact that 
it very easily— and, in a chemical sense, vigorously — roacts on a number 
of substances, forming oxygen compounds However, only a few 
Bubetances and mixtures of substances (for example, phosphorus, copper 
with ammonia, decomposing organic matter, aldehyde, pyrogallol with 
an alkali, iic.) combine directly with oxygen at the ordinary tem- 
perature, whiUt many substances easily combine with oxygen at a red 
lieat, and often this combination presents a rapid chemical reaction 
accompaaiod by the evolution of a large quantity of heat. Every 
reaction which takes place rapidly, if it be accompanied by so great an 
evolution of beat as to produce incandescence, is termed comduslton. 
Thus combustion ensues when many metals are plunged into chlorine, 
or oxide of sodium or barium into carbonic anhydride, or when a spark 
falls on gunpowder. A great many substancea are combustible in 
oxygen, and, owing to its presence, in air also. Id order to start 
" Judging trdin wh*t hu boen Hid in NoM Bt ol Ihe Uit chapter, ud tlu trora lb* 
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, imd are very i^ompre&uble. 

rDldme dI oiygcn end a Toliungg of hydrogen, wd 
if oiygen per 2 parts by weight of hydrogen, it thenfon 
B 16 timee denter than hydrogen. Gonvereely, the coed- 
vy be deduced frorn the denajtiei of hjdmgea and oxjgnk, 
uMl toe TolnmeLno compotitujn of water. XhJA method of mutoal and raaiprocal eorreo* 
(ion •Irengthem the pnclicat data of the eiact •ciennei, vhoaa eonslniloD* tsfnin Dm 
inateit poiaibl* euclilDde and varietj' ol correetioiu. 

It dibU be obHTTed that the >peci£c heat of oiygen at oonrtant pmaare ia O^TI, 
coiiaequenlly it i> to the upeclfic heat of hydrogen (S-tW) ai 1 ll (0 IS-e. Hence, tha 
■peciBe heat! an iuTenely prapoitional to thn weigbti of equal Tolomei. Thii ugBlSai 
[ues have (nearly) equal apaciBe heali—thal i«, they reqoin 
' ' * "We ihatl af lemrd* ooa- 
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flombufition it is geuendly necesisry " that the combustible substance 
dionld be brought to a state of incandeBcence. Theeontinuationof tho 
process does not require the Aidof fresh ext«rD3,l heat, because sit tticient 
boat " is evolved to raise the temperature of the remaining parts of the 
combustible aabstanoe to the required degree. Examples of this are 
hmiliar to alt from everyday experience. Combustion proceeds in 
oxygen with greater rapidity, and is accompanied by a more powerful 
jncandcscenoe, than in ordinary air. This may be dononstraled by ft 
number of very convincing experiments. If a piece of charco^ 
attached to a wire and previously brought to red-beat, be plunged into 
a Sask fall of oxygen, it bums rapidly at a 
white heat — i.e. it combines with the oxy- 
gen, forming a gsseouE product of combus- 
tion called carbonic anhydride, or carbonic 
acid gas, CO]. This is the same gas that is 
evolved in the act of respiration, for charcoal 
is one of the substances which is obtained by 
the decomposition of all organic substances 
which contain it, and iu the process of re- 
spiration part of the coostituents of the body, 
so to spcsk, slowly burn. If a piece of , 
burning sulphur bo placed iu a smnll cup 
attached to a wire and introduced into a 
flask full of oxygen, then the sulphur, which bams in air with a 
veiy (eebie flamo, bums in th^ oxygen with a violet flame, which, 
although pale, is much larger than in air. If the sulphur be ex- 
changed for a piece of phosphorus,''' then, unless the phospboms be 
heated, it combines very slowly with the oxygen ; but, it heated, 
although on only one spot, it burns with an e.'ccoodingly brilliiuit white 
flame. ti> order to heat tho phosphorus inside the flask, the ainipjeet 




way is to bring a red-hot w 



o contact with it. Before the char- 
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also will not bom under 100°, whilst phosphonu inflame* at 40° 
Phosphorus which has been already Ught«d in air utnaot to well be 
introduced into the fla«k, because it burns very rapidly and with a large 
flame in air. If a small lump of inetBllio lodivm be put in a small cup 
made of lime," melted, and ignited,^' it burns vary feebly in (ur. But 
it burning sodium be introduced into ojtygen, the combustion is in- 
vigorated and is accompaDied by a, brighter yellow flame. Met&llio 
majnesiwi, which bums brightly in air, continues to bum with 
etill greater vigour in oxygen, forming a white powder, which ia a 
compound of ma^esium with oxygen (magnesium oiide ; magnesift). 
A strip of iron or steel does not bum in 
I air, but an iron wire or steel spring may 

i» be easily burnt in oxygen." The combui- 

^1^^ tioa of steel or iron in oxygen is not accon- 

H^^^ ^ panied by a flame, but sparks otoxideflyin 

^^|H all directions from the burning portions of 

■hB the iron." 

^^^J|HJ^^^ In order to demonstrate by experioeot 

^^^^H^^^^^^^ the combuition cif hydrogen in oxygen, a 
^^^H^^^^B^^^V gas-conducting tube, bent so as to form 
^^^^^^^^^^^ a Oonvenieut jet, is led from the vessel 
""* ^^t^i^'iBMjplo." ""^ evolving hydrogen. The hydrogen is flr«t 
set light to in air, and then the gaa-oou- 
ducting tube is let down into a flask containing oxygen. The combui- 
tion in oxygen will be similar to that in air ; the flame remains pale, 
notwithstanding the fact that its temperature rises c^usiderably. It la 
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loibls oaotaJDiiig tb« si>dlu]i).il [ihgtted Id th« 



'b sprixig, a pl«o» of linder (or p4p«r KHkeil la ft boIuUdd of 
;o one und The tinder U llgbbed, uid tha iirrltig !■ thsa 
bo bunuig tiudoi hut* tbs end ol thg ipriag, tta« biuMd 
ptft uunii, uta in to aoing bciU th> lurthu portiana of the apiisg, *1uab then bum 
wmplsleir il infflFieDt aijgto be prugnt. 

*• Tbi ipuk) ol rnit ue produced, ming to the fwt Uut Uta tolaise ol the oUde ol 
Inn la neuly twice that of the volBme ol Ihe Iron, and aa lbs heal evoloed Ii not anlB- 
cJtDl W antirel]' melt tbe oxide or the Iroa, tba puticlei mnat tn torn oS and tj about. 
Slmllu ipuki are (ortuod io tbe ciimbaation at iion, io otlin oaasa alao. We aew tba 
cotDboBtioD oliroD aiiDga in tbe tntrDdDctidii. Id the welding ol icon amall iioD iplintsra 
Bj oD ui all dinctioDi ajid bora is tbe air, aa ia eeen ban the taol Uut whilst Bjiac 
Oiroogb the ait tboj temais red hot, and also fcecaqae, oa oooling, thaj m M«n to U lUi 
longer iron, bal a cooipoiuid ol it with oifgeo. Tbo lana thing take* plane when (be 
hammer ol a gun ilhliw aguit the dint. Smalt Ktlea ol (keel aft beat*) b; the trU' 
tiiM, tod glow ud bun in tbe sir. The combDatiDD ol iron ii pClll betMr eean b; takUiH 
it 41 • Tsij fine powder, moh a* ia obtained bj the decompotltion ol certain ol Ita earn- 
er hMtiag PnualMi Uw, of bj Uu ndaatim d lU oompawa* 
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inttructive to rem&rk that oxygen maj' bunt in hydrogen, just U 
hydrogen in ftxygen. In order to abow the combustion of oxygSn ia 
bydrogen, & tube beat vertically upwards and ending in a. fine oriGoo 
i» attached to the stopcock of a gas-holder full o( oxygen. Two wires,, 
placed at such a distance from each other as to allow the passage of a 
constant aeries of sparVs Irom a RuhmkorETs coil, are fixed in front ol 
the orifice of the tube. This is in order to ignite the oxygen, which may 
ftlso be done by attaching tinder round the orifice, and burning it. When 
Uie wires aro arranged at the orifice of the tube, and a series of sparks 
passes between them, then an inverted (because of the lightness of the 
hydrogen) jar full of hydrogen ii placed over the gas -conducting tube- 
When the jar covers the orifice of the gas-conducting tube (and not 
before, as otherwise an explosion might take place) the cock of the gaso- 
' meter is opened, and the oxygen flows into tho hydrogen and is set light 
to by the sparks. The Bame obtained is similar to that formed by tbo 
combustion of hydrogen in oxygen." Froin this it is evident that the 
fiame is the locality where the oxygen combines with the hydrogen, 
therefore a flame of burning oxygen can be obtained as well as a flama 
of burning hydrogen. 

If, instead of hydrogen, any other combustible gas be taken— (or 
example, ordinary coal gas— then the phenomenon of combustion will 
be exactly the same, only a bright finme will be obtained, and the 
products ot combustion will be different. Howevef\ as coal gas con- 
tains a considerable amount of free and combined hydrogen, it will also 
form a considerable quantity of water in ita combustion. 

•rith oijgen b J hjdnigen ,- when thin fins powder li >lrewn In t!t, it boma by ilMlt. evea 
wJtliDHt bciog pravioniljr hwted (il tonoa « pyropboma). Thia oI»h)u>I; depeodt on tha 
imd that the povdei of iron pnKoti ft Urgoi CDiface of soixUct witli ftir Uud vi equl 
weight in t (umpiel tjrm. 

■> Ths opeiiment nu; be uradaclcd without the wina, if the hjdiogea be lighted ia 
tlM oriScA ol HI bmted crlindai, ud >t the iami tine the eyUndcM be brought aver the 
•nd ol > gu-cooductinc lube connected with ftgH-holdcrcoDti>iniiigoi;geD, Thonuca's 
method niij be adopted for ■ lectun HporimenC Two gUus lobea, nilh pUtiniuo endl, 
SM puied through oriSHa, about 1-1} oentinetre apert, in • cotk, One tube It md- 
bnled with a gu-holdw ooatchuiig oirgen, ukd the olhuwith ■ gaa-holdn lull of 
Ljdrogen. Having tuisad on the gnatt, the hjrdiogeD is lightBd, kod • common lamp 
glaaa, tapering towardA the top, it placed over the cork. The hjdrogvn cootinoea to bum 
tnalde the bmp gUit, at the eipenao of the oiygan. . If the ctursnt ol oijgen be thaa 
dscroaud little bf little, a point it leaehed when, owing to the bsufflcient anppl; ol 
oxygen, the Same ol the hydrtf en incraaiea in die, dilappeare loi Hveral momenta, and 
then reappean at the tab« anppljing- tbe OEjgan. If the Aow ol oxjgert' be aigain ia- 
cteaaed, the flune reappeara ai the bydc^gea tah& Thua the flanu may be made la 
appear at one or the other tube at will, only the locreaao or decreaae ol the current ol 
gu DDat liJie place by degreet and not Inddenly. Further, air may be taken i n al ji a il ol 
Oogen, and ordinal^ coal-gaa initead of hydrogen, an>l it will then be shown ho* all 

u in an atmoaphere ol coal-gu, and it can eaaily be proied that tho lamp glaas ia 
. combuitiblo in air, tiecauae il may be lii^ted at tbe lop. 
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If hydrogen be mued with oxygen in the pi^porlioii in which they 
form water— ».«. if t«o volumee of hydrogen be token for each 
volume of oxygen— then the mixture will be the same as that obtaioed 
by the decomposition of ivnter. 
by a gaWanic current— deto- 
nating giva. 

We have already men' 
tioned in the last chapter 
that the cooabi nation of these 
gases, or their explosion, may 
be brought about by the 
Mtion of an electric spark, 
because the spark heats the 
apace through which it paasea, 
Kud acts consequently in a 
wanner sioiilar to ignition by 
means of contact with an tn- 
candracent or burning lub- 
atanoe." ■■'' Cavendish m»de 
this experiment on the ignition 
of detonating gu, at the end 
of the last century, iu the 
apparatus shown in fig. 31. 
) Ignition by the aid of the 
1 electric spark is convenient, 
for the njason that it may 
then be brought about in a 
, closed Teasel, and hence cbe- 
' mists itilLcmploy this method 
when it is required to ignite 
ft mixture of oxygen with a combustible gas in a closed vessel. For this 
puqHiae, especiolly since Buosen's time," an t^idiovteler is employed. 
It consists of a thick gloss tube graduated along its length in milli- 
metres (for indicating the height of the mercury ccJumr), and calibrated 
Cor a detinito volume (weight of mercut^). Two platinum wires are 
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fused into the upper closed end of the tobe, as shown in eg. 32.*' By 

the aid of the eudiometer we may not only determiDe the volumetric 

mpoaitioa of water,^* and the quantitative eontenta o! oxygen ia 



ti t>p«a end innartod into marcarj. 

■ winft, the ntem^ tir will outer mU 
raecciuy will [aJI, ftlthougb nol impidl]' il the DtiBoe be 
" Th« •DdioD 



mdionuiUruGUed 
U thdie ba Uie 
I the Gjliodflr uid 



A dftluLod uwooDt o( gaa artalyrij wouJd bo oitt oF pliwfl m tbiA work 
(•M Note 80), bat. u to oumpte, we will gite a ihort description ol Ibe 
JeleniiiiLttiDO of tbe coznpoaition of wktef by the eudioniatar- 

Pors iDd diy oiysen ii &n% intrciduDed into tbe iDdioaieter. Wbgn tbg 

KbDOiiibera — wbicb ii cecogiuHd bj tbe ful ol tbe meniaaiu ol the morcui? 
not tllering ila position dunng ■ long period o( time— tbon tbe beigbtt iil 
which (lie meicu? gtuidi in the eDdiometci end in tho (»th uo obwriad, 
Tbe diOeionce fin milliliHtrei) gives the height of tbe column ol mEicoiy in 
tbe eodiometer. Il matt be reduced to tbe height U which the mercnry 
Iroold AtAud Ml 0° and dedoc^d From the etauni>behc preflAure, in order to 
find tbe prestare under which tbe oiygen i& meBiantd {ne ChApr L Note i9}- 
The height of the nurcoiy kIk> >bowi tbe volome of tbe oiygcn. The ten. 
penlnre d( the (iiiToanding elmosphere end the height of Ibe buometrio 
oolomn mnit alio be obsened, in order to know the tempentore o[ the 
orygen uid the etmospherio preeuire. When the rolume ot the DKrgen hee 
been meenored, pun wid dry hydrogen it iDliDdnced ioio tbe endiometer, 
ud the voloBie ol the gu« in tbe eudiometer igun meuured. They >re 
Uien exploded. This ie done by a Leyden Iat. whose outer eoetmg ii con. 
ceDteil by k ch«in with one wire, n that a. sperk pnaseR when the other wire» 

•lectropborOB it Ubed, or. better aiili, e Ruhiiikorire coil, which hea the 
ftdvesti^e of working equ*lly well in d«np or drj mir. wbilil e Loyden jer 
or electnokl machine doee not ut in dunp weather Further, it ii nxceiuri 
to cloH the lower orilica ol tbe eudiometer belore the eiploeion (for Ibii 
psipoee the egdlonuler, which ■■ 6ad in ■ Bttnd, it firmly proawd down 
from kboTe on to ■ piece of india-rabber placed at the hollom ol Ilia beth). aa 
Qtherwiie the mercury and g»e would be thrown out of the apparatua by the 
atpIoiiOD. It mutt oUo ba remarked tlial to eninre complete eombuilion 
(he proportion between the Tolum« of oiygen oiid hydrogen must not ei- 
»ed twelre of hydrogen to one volume ol oiygen, or fifteen v^lnmet of | 
oxygen (o one ralnme ol hydrogen, becaute oo exploeion will take place if 
me ot ttu gmaea be in great eicew. It ia beit to take • mixture ol oce t 
hydrogen with utoral Foliunea ol oxygen. Tbe comb( 
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■qneon* vapour ii now added to the leniioo ol the goa remaining alter the ei| 
~bn moat be taken into acconnt (Chap I. Note I). If but little gia remain, tbi 
hich la termed will be aafflcient lor lis saturatiOD with aqBeoUB rapour. Tbla 
lamt from the loct that dropa ol water are visible on Ibe lidea of the endiomet 
1* mercorr haa riBan in it. If there be none, a certain quantity of water muat b< 
iced iuto tbe endioDUter. Then Ibe number ot millimetre* eiprasaing the prea 
the npour eorreBpondiug with Ibe lempcraluie ol the eiperiment must be sub' 
'ram the alraotpherlo pnsinre at which the remaioing gas ia meoiured. otberw 
TColl will be inaccnrste (Chap. I. Nolo I). 

nii* i* esieatially tbe melfaod ol the delennination ol Ihs compoeition ol watei 
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air,'' but also make a namber^of experiments explaining the phenome- 
non of combastion. 

Thus, for example, it may be demonstrated, by the aid of the 
eadiometer, that for the ignition of detonating gas, a definite tetnpercUure 
is required. If the temperature be below that required, combination 
wiU not take place, but if at any spot within the tube it rises to the 
temperature of inflammation, then combination wiU ensue at that spot» 
and evolve enough heat for the ignition of the adjacent portions of the 
detonating mixture. If to 1 volume of detonating gas there be added 
10 volumes of oxygen, or 4 volumes of hydrogen, or 3 volumes of 
carbonic anhydride, then we shall not obtain an explosion by passing 
a spark through the diluted mixture. This depends on the fact that 
the temperature falls with the dilution of the detonating gat by another 
gas, because the heat evolved by the combination of the small quantity 
of hydrogen and oxygen brought to incandescence by the spark is not 
only transmitted to the water proceeding from the combination, but 
also to the foreign substance mixed with the detonating gas.*^ The 
necessity of a definite temperature for the ignition of detonating gas is 
also seen from the fact that pure detonating gas explodes in the presence 
of a red-hot iron vrire, or of charcoal heated to 275®, but with a lower 
degree of incandescence there is not any explosion. It may also be 
brought about by rapid compression, when, as is known, heat is evolved.*^ 

WM made for the first time by OajT'Lutsao and Homboldtr with tnlficieat aocaraoj. 
Their determinaiiont led them to the concluaion th|kt water oonaists of two volumes of 
hydrogen (more exactly 8'008, Le Doo 1899), and one Tolune of oxygex). Every iimA 
they took a greater quantity of oxygen, the gaa remaining alter the exploeionwae oxygen. 
When they took an exceee of hydrogen, ihfi remaimng gas was hydrogen ; and wh^ the 
cxfffin and hydrogen were taken ia exactly the above proporU<»t neither one nor the 
other remained. The composition of water was thus definitely oonflxmed. 

n Concerning this application of the eudiometer, see the chapt^ on Nitrogen. It may 
be mentioned as illustrating the various usee of the eudiometer that Prof. Timeraseeil 
employed mioroecopically small eudiometers to analyse the bubbles of gae given off from 
the leaves of plants. 

^ Thus I volume of carbonic oxide, an equal volume of marah gae, two volumes of 
hiydrogen chloride or of ammonia, and six volumes of nitrogen ot twelve volumes of air 
sdded to one volume of detonating gas, prevent its exploeion. 

'^ If the compression be brought about slowly, so that the heat evolved succeeds in 
passing to th^ surrounding space, then the combination of the oxygen and hydrogen does 
not take place, even when the mixture is compressed by 160 times; for the gases are not 
heated. If paper soaked with a solution of platinum (in aqua regia) and sal ammoniao 
be burnt, then the ash obtained contains very finely-divided platimun, and in this form 
ft is best fitted for igniting hydrogen and detonating gas. Platinum wire requires to be 
heated, but platinum in so finely divided a sUte as it occurs in this ash inflemes hydro- 
gen, even at —90^. Many other metals, such as palladium (176°), indium, and gold, act 
with a alight rise of temperature, like platinum ; but merouiy, at its boiling point, does 
not inflame detonating gae, although the slow formation o( water then begins at 
906® All data of this kind show that the expk)sion of detonating gas presents one 
sf the msay ceist of contact phenomena. T^ cotiolusion is further ooaflrmed by the 
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ExperimenU made in the eudiometer showed thai the ignition of 

IsMudiH of V. Mejei (l»»!l). Ro iliowed (liBl onlji 
bagiiw li **S°. ud thai it aaly pnMMdi amn n^ndlf ■< 

«iptouaii of dstouliog gu. tosotding to Ui» unus siithor, tu-jh ucoiuing m to wUuItier 
tb* trploiuni if piodaccd in open vCHol* or in clo«d Inbei. In the Gnl cua tlw t«ia- 
ponton ol upluion lie* batwMD fisa°-eM°, and in (ha ■coond betweta tW-nC^. 
Li geuanl it maj ba nmarked l)iat tho tf mpecatiua ol oplouan of gMOOiu miiturei ia^ 
alwajn lowsc la otoHd Tuaela than KhsD th> detotutuig miKtora Sowa Inielj through' 
tubaa. According to Frsjrai and V. Utjei, ths following gaaaa whan mind with tbo 
requinta amount ol oijgan explode at Uie following temparalBrea 
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ity lor gaieona ■;|tten» a> the velocity of (he tranimiHion > 
' at Ihia velwity dependi neither upon (he preaania not i 
hich (he gaaeoua miztnre ia contained, nor upon the malt 
tube it mode. Diion (1891) detennised (ho magnituda of tbaie 
niiiturei, and hii reiutta piorcid Ter; near to (hoM) pnrioBaly givai 
Compariiou we give the velooitiei expretted in metrei p*I •«oad : 
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B^^,« 




C,H.j + 50 


s.eai 
a, HI 
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ii.iaj 
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Tha addition vt oijigen (o dilouLling gat lowen Ihe velocity of (ha traotmiiaioB ol 
•iplouon alnmt at much at tha inlroducliiin of niliogen. An eioeia of hydtogaa aa tlia 
C0a(nl7 niites the valocitjol traaMnisaign. I( it lomaiked that (he ciplouon of miitutca 
at'Oiigan with manb ga^ ethyleae and c;aongea !■ traDHni(ted mora quickly if bbl 
Qiygen bo takan in iDcb a jitopottioa (hat Uia carbon ihoold bum' to. oiido of caiboo, m. 
tha velocitj of ^le explooion it lett ^f tho oxygen ba taken in euflicieot quantity (o form 
Cktbanic aahydride. ObiaiTationi upon liqoid and aoUd eiptoaivts (Bartbelot) idiDw thai 
in (hit caae (ha veloci(7 ol Iranamiuion at eiplotion ia dependent upon (ba material ot 
Uie tube. Tbua (he explotian of Uquid nitro-methyl ethei in glau lubea Itavel* at the 
nto [in dapandanw npon the diam,, from 1 nim.-4S mm.) of from I,eiM to i,tSi me(iea, 
•BdintubeiolB[itanniame(al(Bmm. iadiam)a[ tberateot l.SSOmctrei. Thehardai 
aa lobe tha gieatar the velocity of tiaumiMion ol axploaion. The ffdlowlng are th« 
idooitiei ror eeitain bodiat : 

NiUo-glycetiaa .*••*•••• UM 

Dynamite i4ititi«<- S|SOO 

Ni(rD-mannile T,TDO 

Piariaadd • a i . • • • a a . «,W8 
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gen in fanning water evolve* 34,463 units of hejit. Many of the nuwt 
recent detennin&tions are very close to this figure, bo that it may be 
taken that in the formation of 18 parts of water(H,0) there are evolved 
G9 major CAloriea, or 69,000 units of heat" 1/ tiie apteifii: heat of 

eoUd), or mixpe bj Uu tube / ioto in tppustu in whisb tbcir 
irtin cui eftsOj be dotomimod- Thufl ths b«.t BTotved ia ootnbDflljm 
ot tbs v»u1 u, vid to the guee which are [onned in il, and Ihsw 



ho muol a (if liqnid 
jitLl7 utd propertin < 

insitittoUi 

" Tliia quutitj ot hnt oomapondawitb th« fonutioD ot liquid <ti 



tha box arolrsd - M Du 
haal ia due to the fact 

aqDama Tapoor— that is 
lilT ol boat may " 
aapantion of the 



tei at the ordinarj 
L Miv vusij wajpeiabare. ii Lce water be M vapour 
!• ; if ae ioe B 70-t major caloriea. A portion of thia 
la. ol brdngeo and 1 nJ, of oiygen giie fl Fob. ol 
itnctioD soBoea— «iid Ihii erolnn heat, Tbii qaaa- 
al it cannot be aaid how mucb ii eipended in Ibe 
oireen frooi each olher, and, therefura, Btriolly ipcaking, wo 



nabnatioD of d< 



iralcl, 

Tbc conttmctioD of the caioiiineteT aad even tho method ol dctermioalion rar; 
DOBniderabl]! in didoreDt ca»i. Sioos Lbs bogmoiDg of the niaetiei, a large nomber ot 
deteTTDlnatioDi of tbe heat of comboatioa hate been condortcd ia doaed bombtcoD- 
taining compreBaed oiji^a. The grwteal nninber of calonmetrio ileteTnuBationi were 
nude bj Bertbelot aod Thmzueii. IbtJ are i^yt-a In their norks Earn de micaniqui 
tMrnique fotvUe tar la Iharniockimi; b; H. Bertbelot, IBlt (i vola.), and tlicmo- 
clumiicXe Unltrneliungm, bjj. Tlionuen, ISSfl {4 Tola.) The moat imporUnl metboJa 
ot reocDl thennocbemlitry, and all the tmatworthj remltB of enperitnent, a» givon in 
PeoI. p. F. Loogiaiii'i Diim^Uan of tkt Difffrtja ifciet of Diitrminiay the Seat af 
CembiutioH b/ Organic Comfoundi. Mouow, 1891. The itudeat must refer to worka 
on theoretioal and phjalcal chemietrr for a deacnptjon of the elements and metboda 
ol thermochtmuir^, into the detaila of which it it impoaaihle In enter m tbia work. One 
of the orfginatora of thennochomiitry, Beaa, waa a member of the St. PeteribuTg 
Academy ol Scienoea. SIdm IS70 a large amonnl ol reuarch haa been cairicd out in 
thii proriDoe ot ehemlBti;, eapeclallr in Fraooe and Oemiany, after the iniertigationi 
ol the Freneh Academician. Bertbelot, and ProfeHor Tbomsen, of Copenhagen. Among 
Baaaiana, Bdteloff, Longinin, Chelttoll. Chronitchoff, and nthen am known h; their 
theriDochemical reJearch r e. Tbe preieot epoch of thennochenufltiy mUHt be eonaidered 
nthei aa a collectlTa one. whareio the material ol facte ia amaiied, and the fint come. 

pnrsot the poiaibilitj ol dcdncing anj euet oonieqoencei, of importance to chemical 
swchanica, trom the immenaa itore ol IhermochemiCKl data aJready oollecled : (1) Tba 
maJoTitj ol the deLenninatiana are eondocted in weak aqneooa aolutiona. and, Ibo beat 
ol Bolutinn being known, are relerred to the labttancefl in eulutioD ; jet there ia oocfa 
(Chapter I.) whiob lead* lo (he eonolniion that in aolntion water doea nut plaj the 
ainple part ol a dilating medium, bot ol itaelf acts uidependuntlr tn a chemical aenae 
on tbo BDbetance diaulied. (i) Phjaical and mocbanical ehangea (decreaee ol volnme, 
dillDiion. and otben) iaratiabl; proceed aide b; aide with chemical changei, and for Ibe 
present it iilmpDuible, in atiDDibeiofcaae*, to dialingniih the tbemal effect ol Che one 
and tbe other kind ot change. It ia atidenl that the one kind of change (cbenucal) ia 
eeieiitiall; inaepaiable and inoomprefaenaibte wtlhont the other (macbauical and phrti- 
cal) 1 and theielore it aeoma to ma that tbermocbeDucal data will only ocquirs Ihtit tme 
maaning when the oonneetion between the phenomena ol both kinds (on tbo one hand 
ohemical and atotnie, and on Ibe other band mechanical and molecnlar or between 
Bntit* tnaseea) ia eiplained more cUarlj and toll; than ia at preaeni Ibe caae. At then 
b so doabt that the eimple nwchanioal contact, or tbo action of beat alone^ on lab- 
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aqueoun vapour (O^iB). remained eonttantjrom the ordinary temperaiure 
40 that at which the cofnbusiion €>f detonating gas takes place (bat there 
if noyf no doubt that it increases), were the combustion concentrated 
at one point^ (but it occurs in the whole region of a flame), were there 
j[ia loss from radiation and 4ieat conduction, and did dissociation not 
take ptaee-^ that is, did not a state of^equilibrium between the hydrogen, 
oxygen, and water come about —Men it mould be possible to calculaie 
the temperatufe qf thejlame of detonating gas. It would then be 8,000**.** 
tn riajity it is very much lower, but it is nevertheless higher than the 
temperature attained in furnaces and flames, and is as high as 2,000^, 
The explosion of detonating gas is explained by this high temperature, 
because the aqueous vapour formed must occupy a volume at least 
6 times greater than that occupied by the detonating gas at the ordi* 
nary temperature Detonating gas emits a sound, not only as a con- 
sequence of the commotion which occurs from the rapid expansion of 
the heated vapour, but also because it is immediately followed by a 
cooling effect, the conversion of the vapour into water, and a rapid 
oontraction.^^ 

•Unoet tometimes caaMS ^ evident and always a latent (incipient) chemical ohange«* 
Ihal it, a different dittribution or motion ol the atomi In the molecolee— it (oUowt 
tltal purely chemical phenomena are inseparable from physicsl and mechanical phdbo- 
mana. A mechanical change miay be imaged trithont a phyaioal change, and a physical 
without a chemical change, but it if impossible to imagine a chemical change irithout 
a physical and mechanical one, for .without the latter we should not be able to recognise 
the former, and it is by their tneans that we are enabled to do so., 

^ The flame, or locality where' the combustion of gaaes and vapours takes place, is a 
•omplex phenomenon, 'an. entire factory,' as Faradiy s^ys, and therefore we wiU '^^Pti^fff 
flame in some detail in one of the following notes* 

^ If S4,C00 units of heat are evolved in the oombufetion of 1 part of hydrogen, And 
Ihis heat is transmitted to the resu^tina 9 parte hf weight of aqueous vapour, then we 
flad that, taking the speciao heat of the latter as 0-47^; each xmit of heat raises th« 
Wmperatore of 1 part by weight of aqueous vapour 8^1 and 9 parts by weight (a'l4-9) 
0^*SS I hsDce the S4,600 units of heat raise its temperature T^SSS*'. II detonating gas is 
eoB^srted into water in a closed space, then the aqueous vapour formed cannot ezpaa^i 
sad thersfOMi in calculating the temperature of combustion, the specific heat at a con* 
•liant volume must be taken into consideration { for aqueous vapour it is O'SS. This 
flgure gites a etill higher temperature f er the flame. la reality it is much lower, but the 
Neulte gi?eD by diiterent observers are very contradictory (from 1,700<^ to 2,400°), the 
disorepiaioiee depehdiflg on the fact that flamee of different sites are co6led by radiation 
lo a diffetent deoree, but mainly on the f^ot that the xhetbods and apparatus (pyro- 
BSlers) for the determination of high temperatures, although, they enable relative 
Shaagee of temperature to he Judged, are of little use for determiniag their abeolute 
BSSgailads. 'B| taking the temperature of the flame of detonatiog gae as S,O0O^, I give^ 
I thiaki the aTtrace of the aiost trustworthy determinations and tslfftilstitmf haaed nnoa 
She detsn^ination of the ▼ariaUoa of the speciAo hsat of aqueoaa fipour and other 
gaees (tee Chapter XLL) 

t> It is evident thai not only hydrogen, but every other combustible gae, will give an 
esploelve mixture with ozygea. For this reason coal-gas mixed with air explodee when 
llA mixture is ignited. The scsMure o)»tained in th^ sxplosioBS mFfU asihe tnotU^ 
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Mixtnrei of hydrogen and of varions other gases with oxygen 
•re taken advantage of for obtaining high terap«ratures. By th» 
aid of Euch high temperatures metals like pktinuin may be melted 
on a large scale, which cannot be performed in furnnceG heated with 
charcoal and fed by a current of air. The burner, shown in fig. 34, iS 
oonstrocted for the application of detonating gas to the purpose, Itl 
consists of two brass tubes, one fised inalde lie other, as shown in the 
drawing. The internal central tube conducts oxygen, and the 
outside, enveloping, tube E' E' conducts 
hydrogen. Previous to their egress the 
gases do not miE together, so that 
there can be no explosion inside tho 
ftpparatua. When this burner is la 
use C is connected with a gas-holder 
contflining oxygen, and E with a gas* 
holder containing hydrogen (or some- 
times coal-gas). The flow of the gasea 
mn be easily regulated by the atop* 
ooclcs H. The flame is shortest and 
evolves the greatest heat when the 
gases burning are in the proportion of : 
1 volume of oxygen to 2 volumes of 
hydrogen. The degree of heat may be 
easily judged from the fact that a thin 
platinum wire placed in the flame of a 
properly proportioned mixture easily 
melts. By placing the burner in the 

orifice of a hollow piece of lime, a crucible A B is obtained in which 
the platinum may be easily melted, even in large quantities if the 
current of oxygen and hydrogen be sufBciently great (Deville). Tho 
dame of detonating gas may also be used for illuminating purposes, 
It is by itself very pale, but owing to its high temperature it may 
MTve for rendering infusible objects incandescent, and at the very 
high temperature produced by the detonating gas the iocandescent 

jKUffr 0/ gat nginei. In thig cua idriinlife Ii UkeB, not obIj of (he pRnnie pro> 
dDOedbfthSBtpldHoa.bntalKxif tbatMntrutlonWhlBh tthai plus itl«r Iha cxplottaa. 
Ob thii U b*Md the oon^tiactian of Beicnil molon, ol which Lenoir'i wat Iann«rl]r, ujj 
Otto*) ii DOW. the bci* known. Tho iifploaioa ii OBoally prodncvd by oulgu and tir, 
but of Uta (ha V4poiii> cI combualible liiiQlda (keiowne, henienc) nrs stwi beiDS 
•mplojed ia nlacs ol gu (CbupUr IX.J In Leaoir'a CDgbie a miitare of c(ii1-e» aaS 
ail ii Ignited bjmaantol ipiukifrDm a RuhiuJiOitra coil, but la Iha dumI Rc«iit ntcblne* 
Iha pa«a «• %ni(ad hj tbs dicaot mUob ol a gw tati a b; contact with the hat wtJIaol 
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eubetonce gives a most intense light. For thia purpose lime, mag- 
nesia, or oxide of zirconium are aaed. as they are not fusible »t 
the very high temperature evolved b; the detonating gas. A amall 
cylinder of lime placed ia the e&me of detonating gai, if regulated to 
the required point, gives a very brilliant whits light, which waa at ODa 
time proposed for illuminating lighthouset. At present in themajorit; 
of cases the electric light, owing to its constAnoy and other advantages, 
has replaced it for this purpose The light produced by the incMi- 
descence of lime in detonating gas is called the Prummond light or 
limelighl 

The above caaes form examples of the combustion of elements in 
oxygen, but exactly timikr phenomena are observed in the comhtittUm 
of coinpounrlt. So, for instance, the solid, colourless, shiny aubstanoe, 
naphthalene, C,aH„ bums in the air with a smoky flame, whilst in 
oxygen it continues to burn with a very brilliant flame. Alcohol, oD, 
and other substances bum brilliantly in oxygen on conducting tha 
oxygen by a tube to the flame of lamps burning these substances. A 
high temperature it thus evolved, which is sometimes taken advantage 
of in chemical practice. 

In order to understand why combustion in oxygen proceeds more 
rapidly, and is accompanied by a more intense heat efl^ect, than oom- 
bastion in air, it must be recollected that air is oxygen diluted with 
nitrogen, which does not support combuBtioTf, and therefore fewer par- 
ticles of oxygen flow to the surface of a substance burning in air than 
when burning in pure oxygen, besides which the reason of the inteum^ 
of combustion in oxygen ia the high t«rapentuTe •cqnired by the lub- 
Btanc6 burning in it," *** 

" *'• Let ui coDiiiler lu u eiiunpls tin camboilian at snlpbiu ID kit and la oij'itsa 
If I gnm ol inlphur burns in lit oi nijgen it stoI>« id utbsr eaw 31S0 Dniti ol best' 
1 1, doiltn lafficivnt liekt for bMtiag 3,1G0 gnnu of w^tn 1° C. Thia but ia Brat af til 
truamitled to tlio unlphnniaa anhydride, SO^ loraied bj Uw eonbiuitiDn of aDlphnr 
with injgttL In ita combDalion 1 grun of aulphot form* Sipnum ol aoLpburoiia ui- 
hydrida — i.e- tba aulpbur combinfla with I gram of oxygen. In order that 1 gram of 
anlphor ahonld have acceaa to 1 giain of Olygan in air, it ii neosBaar; that ft grama 
of nitrogen ahoold aimnltanAonily readb the aulphor, becafiBfl air ^DaMina Beventy-aefftD 
put! of oilrogen (hy wsighl) par lw«nty-lhm parte of oiygen. Thaa in the combuetion 
of 1 gram of niJphnr, the 3,3S0 onita of boat ere trhnuTult«d to S grama of aulphuroaa 
taidn and to at leaal O'i grainB of nitrogen. Aa O'ltit onit of heat ii required W rail* 
1 gram of talphuroua anhydrido 1° C, therefore i gram* reqnin O'Sl nnit- So alu B^t 
Rama of nitn^tm leqaiie B'4 " iM4f « OBS anil ol h«t, and tborstors in ordsr lo raia* 
both gaa«> 1° C, 0-Sl 4-0-88 or I'll nnit of boat ia nHgoirsd ; bat aa the oombaiUon ol 
the anlphur srolrea SfiW unila of heat, lhere(or« tb« gaaea migbt be heatAl (if Uwlr 
QMiflo baata remalnad oonManl) to ^^ or lj>lt° C. That ia, lbs rtiiiBim poaaible 



1 



ra ol the flaaw of lbs sulphur burning In air will be 1,974° C. In lh« combna. 
I anl|ihuT in CiiTgaD,th> baat <Tolvod [9,ltO nniti) OSQ only paaa lo tba 3 grama 
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Among the phenomentt occompanjing the combustion of certain 
■nbrtauces, the pheiutnunion of fiame attracts attention. Sulphur, 
jAosphoras, sodiam, rasgnesiiini, naphthalene^ itc, bum like hydrogen 
■with a flame, whilst in the combustion of other substances no flame is 
observed, as, for instance, in the combustion of iron and of charcoal. 
The appearance of flame depends on the capacity of the combuEtibte 
aolstonce to jield gases or vapours nt the temperature of combuEtion. 
At tiie tomperatare of combustion, sulphur, phosphorus, sodium, and 
naphthalene pass into vapour, whilst wood, alcohol, oil, <lc.,are decom- 
posed into gaseous and vaporous subetAncet. The combustion of gases 
and vapours forms flames, and therdorg ajlame ia eomposed of ihe hot 
and inrandtscent gasea ami vnpmtrt produced by eombuilion. It ma; 
Msily be proved that the flames of such non> volatile substances as wood 
contain volotile and combustiblo substances fonned from them, by 
placing a tube in the flame connected with an aspirator. Besides ttra 
products of combustion, combustible gates and liquids, previously in the 
flame as vaponn, collect in the aspirator. For this experiment to 
•iicce«d— ).«. in order to really estroot combnsUble gases and vapours 
from the flame— it is necessary that the suction tube should be placed 
ineidt! the flame. The combustible gases and vapours can only remain 
nnbumt inside the flame, for at the surface of the flame they come into 
oontAot with the oxygen of the air and burn.'* Flameaareof diflerent 
d^rees of briUianey, according to whether tolid incandescent particles 
occur in the combustible gas or vapour, or not. Incandescent gases 
and vapours emit but little light by themselves, and therefore give a 
paler flame." If a flame does not contain solid particles it ia trans- 

of Aulpbnroiu Anhydride, uid thenfon tha hlghcflt poiaible lempcrataK ol Ih? fluno of 
the Butphnr in oxytfia will be ■> ^~ ta 73Se°. In tlui ismo uiuiuj il mijr ba aietf 
ktod -tliU thg tcmpenttm) ol chueoU burning in lii cinnot ucsed 1,700°, vbil* in 
Mfgen il iiu>; *tUin 10,100° 0. For Chi> [CWtm tlw Mmparalaie io o>;gen vill *)«»;■ 
^ liigbcT lliu in air, kJthongh (jodgln^ from whAB Iua been uid reflpeoting delonjhCiiig 
(m) DsiUier ooa tompentnrB nor lbs othoc will eter kpproiinwM to tti« tbeorcttnl 

" Fantdkj proved Uii* bj ■ T«i; oooriocijig gipariniHit on s caudle Biudo. If ooa 
ma ol B bent glue tnbe be placed in a candle fluno aboTs the wick in tbo duk portion 
of Uie flame, then the [irodiutt of Ihe porbal combiulion of Iho atearin nitl paai op Uia 
lobe, oondiiaie in the oUur arm, kod ooUact io a flaik placed under it (fig, SS) a« heavj 
wtuta tamea mhicb bflm wbsn lighted. If the CDb« be raiiej iato the Bppu lund- 

ia tha Oiak. Laatlf, if the tnbe be lei down imlil it toochea the wick, Uiu litU* but 
'■touic acid coadenHi in the flaalc. 

•> AH (nu^parsnt bObMsncet ohioh trannnit tight niUi great eaae (thai ie, wliioh 
■biorb bat liula tight) are but little InminoDi nben beited 1 eo alaa >obtluDm nUiclt 
•baocfa bat f<« beat nji^ wben hMlsd (naunit lew r»r* of bMt. 




ft to H» Mta A«iH i^ irtkb » Inna^ tat ** i 

iBaMMnK ^iiM||Mriibi if iihwi— f iftM immr ti h— mj li 

^mrn.'* Tbi paAidM <tf AmmT tan aft. Om wiw ■bAm <tf As 
^M if As Mniy <tf iir ta MfidMA. tat S Aaaon^ af w^-4faK i^ 
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qI oxygen— be iniuffieient for their combustion the flamo smokes, because 
the unconsniaed particles of charcoal are carried off by the current of 
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ii ttiU loo low {d 
This it tba apMC which in > caodle lonot 
above the orifice from whioh the gke e9ca| 
gun obich ue tonaed b; the if tioa of hMt an the maltad Ullow or itfiuio riie in Um 
TJch, uid aze he&ted bj the high teoipentuifl ol Ihe Aune. By the i 
tiw eoli^ ot liqoid fiuhtlutce it hen, is in othei caui, decomposed, formiog prcwjactft ul 
Ary t^iatillntioQ. Thete prodactb occur in the cotitTKl portion of the flabo of « caudle' 
Tbeiirlmvelt toitfiotn thEouteids.wid iaaot able tointenniiatonceirilh thonpoDit 
And goaea io all parta of the fiame eqoalljF; eouaequently, 
iu the oDtfii' portion of the Aame the amount of oiygao will 
be greater than in tha intetioi |io[tiaoi. Bat, owing to 
diSutiou, the oifgeii, ol CDnrae miied with niliogen, Qowing 
towarda the combUHtibLe ■pbatanGO, doei flaal];^ penAtnte to 
the bterior ol the Buae (when the combniUon I&kei plus 

bring abODt (hat itale of •pcandeacanoe which la lo necetaai? 
both for kaepiag np Uu combiutioa and aiao for the naaa to 
which the flame la apfjiad. Paaaing from the eolder envelope 
of air through the intarior of tht flame, to the aocin« of the 

fllit trarene lajera of higher and hii^ar lemperatore, and 

then iiortioiit which aru lena aiid ]e» liot , in Hliich the combas' 

lion i< leu complete, owhig to the limited eopply of oiygen. 

Thui Dobiinil ptodocle of the dHonipoiilioD ol organic 

alwayii lt« hydrogen in the intaiior of the flame, oron when 

tnygeu la iattodoced then, or wban a miiWre of hjdrogen 

tnd Diygen bnina, bacanae Uw Mnpaimtur* aTolred iu Uu 

eomliiulioD ot faydiogen or tba oarbon of oiganic matter ii 

•o high that the prodoeta ot eombnition an themialrea 

parlinllf deODmpoaed— that u. diaaociated— at thii teupeta- 

tnre- Hence, in a flanw a portion of the hydrogen and ot 

the oijrgen which might combine with the eomblutihle intf- 

vtancei moat alwayi be preient in a free atate. If a hydr^ f. 

CBibon bntin, and wo imagine that a portion of the hydngan f* i™^",' 



a free atate, then 



m ot the carbon m 



.e fbnn in the dame, boeanw, other c( 




a bone after hydrogen, and lliia STMrtMare" 



ia actoclly obncted ii 
carbonK (Aarraal, or the aoot of a common OaBie, ariaea bmtloo li oon^liBvl. 
InHD the diaaoeiation of organic anbataneea eontuneJ in the flaone. The najonlj of 
hydrocarboaii, eipeciolly tboee omtainlng mnch carbon — for initanee. Dapbthalone — 
bom, even in oaygeu, with separation of vooV In that portion of the Same wbero 
tin hydiDgen bnnii the carbon nmaana DDbanil, or at leagl partly ao. It ie Ihia 
liw carbon whiob caneet the briUianer ol the flamo. That the intaior ol the flams 
«aitain> n mitlnre which ia atill cai«ble of combaation oiay he iwoied by the follow- 
im^t : A portion of the gaaca may be .withdrawn bj an aapirator from 
J poitioil of the Bias of caibonio oiide, which ia oombostible in air. For 
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Tbo combination of vunoua substancefl with oxygen may not 
present b.dj signs of conbuBtiou —tliat is, the tempernture mnj' riM 
bat inQOnsiderably This may either proceed from the fact that the 
reaction of the subttanoe (for eiMuple, tin, mercary, lead at a high 
temperature, or a miiture of pjrogallol with caustic potash at the 
ordiaary temperature) erolves but little heat, or that the heat 
evolved ia trnnsmitl«d to good (inductors of heat, like metals, or tbat 
the combination with oxygen takes place so slowly that the heat 
OTolved succeedli in pHMiug to the sarroanding objects. Combustion 
ii only a particular, intense, and evident case of combination with 

Chli pnrpoH DbtUIb ptuad nter thraogb ■ maUlIlD tabs hmrfag n flua itlmt otiflcn, 
which I* plued in tha Buno. Ai Uu nlar Sum algng tha tabs portiam ol ths gasal 
ol tha BuK snlsr, uid, pAMing along Iha tube ^tcmtlal; with ojtiDdsn ol watar, an 
«aiTl«d awaj into an appantni >b«a Ihsj can b« imsitigalcd. It appwn tlut all 
portion! of tbfl flams DbCalneJ b^ lbs oombuition of a mijEtors ol carbonic aiida and 
<»yg*n cootalo a portion ol this niiilnn (till nnboml. Tbs nisarcbM ol DsvlUa 
and BoDHn iboited that in ths aiploiian of a miitnM ol hrdmgin and of carbonic oild* 
with oijgsn in a cloiad epacs, complets combaation d«i not ev(r lnJia p]a« im- 
msdiatelj, U two loloinei of hjdrogeu and ona toIbdw of oijgsn bs Eonflnid In ■ 

would wen Ihsrs immsdUts tsd oomplste flombnitlon. It nar be calcolated that tha 
|ir«uui« should sltain twsntj-ii> atmoipharci. Id rulitj, It dosi ool sicsed nine and • 
faalt aUDoaphsres. 

Vanti the combnallon of tha rfmabiog maHi, although capshls of boning. The ad- 
Inlitun ol carbonto anh^dTids preieoti caibonia oiide from burning. The prsaanoa 
of anj other foniga gia intsrlsrci io tha luna mannat. Thii ihowa that eierr portioD 
of a flaois mnatooDtBio oombuilible. burning, and alr«id j bamt •a>>>tanoea — i.i.oijgaa, 
oaibon, carbonic oudt, hydiogcn. hydracsTboriB, csrbonis snhjdridct and watar. Coti' 
•eqaanUj, (I it impanibU lo altiiin intlantantoui comfMr ccnnbtiitim, and thii ia ona 
of tha Toaaoni ot the phenomsnon ol flame A certain ipace in required, and the tam- 
pmtota mnil be Dneqnal in diflersat parti ol it. In this space different ijaantitlH ot 
tha onnponont parte are luccsssiTeljr subjected to combnitioa, or sis coaled ohdor tha 
inllsanoa of adjasenl objects, and conbuition onlf ends obers ths flams sndi. II Iha 
eombuitioB cootd be concentrated at one apol, than tha tamponlura woold be Inooqi- 
|>ar*b1y higher than it ia under the aclnal oinnuoataiMiat. 

The Tarioui rcgiona ol the flame hare formed tha treqasnt anbjsol ol upsfimental 
TaMaich, and lbs eiporimenU oondncted bj Smlthelli and Ingle llBBl) ue putlcuUcIj 
iDllmctive: they show that the rednoing (interior) and olidialng (sitetior) portion! tt 
th» flune ot a bunilug gse may bo dicided by tailing a Banian bomcT and iniMudlng 
the flame of the gaa bamt in it, by snothar wider tubs (without the aooaia at air to Iha 
annnlar apace or allowiDn only s small carrent of air to p&!!). when a gaaeoDs mlitnia, 
containing oiide of carbon and capable ol lurthsr eombnition, will iitna tram tUi 
enreloplng tube, u that a second flame, eorreapondlng lo the oilerior (oiidiaing) portion 
tt an otdinarr flame, may be oblalosd above the enteloptng tube. Thia divlilon of (he 
duos into two portion! la particularly dear when oyanogen CjN, ii bamt, besauie Iha 
totoiior portion (whsra CO le chiefly formed according to the eiinalion C,N,40iw 
9C0<Ni, but ■ portion of the nitrogen it aiidiied) ie of s roBe oolonr, while the eiterlof 
portion {where the CO hams Into CO, at the eipcnis of a frsah qoanilty ol oiygen 
-~' -' " 9 oildes ol nitrogea prooesdidg from the Interior portion!) ii of a bluieh-gr^ 
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oxygen. ReBpiration is aUo an act of corabiniitioii with oxygen ; 
it also serveB, like combustion, for the development of heat by tliose 
chemical processes which accampany it (tho transformation of oxygen 
into carbonic anhydride). Lavoisier enunciated this in the lucid ex- 
prewioQ, ' respiration is slow combustion.' 

Reactions involving slow combination of substances with oxygen 
•ra termed oxidcUwnt. Combination of this kind (And also combustion) 
often results in the formation of acid substances, and hence the 
name oxt/i/en {Sauerilqff') Combustion is only wpid oxidation. 
Phosphorus, iron, and wine may be taken as examples of substances 
vhich slowly oxidise in air at Che ordinary temperature. If such a 
substance be left in contact with a definite volume of air or oxygcti, it 
absorbs the oxygen little by little, as may be seen by the decrease in 
volume of the gas. This slow oxidation is not often accompanied by 
a sensible evolution of heat ; an evolution of heat really does occur, only 
it is not apparent to our senses owing to the small rise in temperature 
which takes place ; this is owing to the slow rate of the reaction and 
to the transmission of the heat formed as radiant heat, &e. Thus, in 
the oxidation of wine and its transformation into vinegar by the usual 
method of preparation of the latter, the heat evolved cannot be observed 
because it extends over several weeks, but in the so-called rapid process 
of the manufacture of vinegar, when a large quantity of wine is 
comparatively rapidly oxidised, the evolution of heat is quite appti- 

Such alow processes of oxidation are always taking place in imtun 
by the action of the atmosphere. Dead org^anisms and the substances 
obtained from them— such as liodiesof animals, wood, wool, grass, &e, — 
are especially subject to this action. They rol and decompose — that is, 
their solid matter is transformed into gases, under tho influence of 
moisture nud atmospheric oxygen, and generally under the influence ol 
other organisms, such as moulds, worms, micro-organisms (bacteria), ' 
and the like. These ace processes of slow combustion, of slow com- 
bination with oxygen. It is well known that manure rots and 
developea beat, that stacks of damp hay, damp flour, straw, dec, become 
beat«d and are changed in Che process." In all these transform ationa 
the same chief products of combustion are formed as chose which are 
contained in smoke ; the carbon gives carbonic anhydride, and tho 
hydrogen water. Hence these processes require oxygen just like com- 
bustion. This is the reason why tbfl entire prevention of access of 
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•ir binders iliefe transformations,^* «nd an increased suppl/ of air 
accelerates them. The mechanical treatment of arable lands by the 
plough, barrow, and other similar means has not only the object of 
facilitating the spread of roots in the ground, and of making the soil 
more permeable to water, but it also serves to facilitate the access of 
the air to the component parts of the soil ; as a consequence of which 
the organic remains of soil rot— so to speak, breathe air and evolve 
carbonic anhydride. One acre of good garden land in the course of a 
summer evolves more then sixteen tons of carbonic anhydride. 

tt is not only vegetable and anim::.! substances which are subject to 
alow oxidation in the presence of water. Some metals even rust under 
these conditions. Copper very easily absorbs oxygen in the presence of 
acids. Many metallic sulphides (for example, pyrites) are very easily 
oxidised with access of air and moisture. Thus processes of slow 
oxiclation proceed throughout nature. However, there are many ele- 
ments which do not under any circumstances combine directly with 
gaseous oxygen ; nevertheless their compounds with oxygen may be 
obtained. Platinum, gold, iridium, chlorine, and. iodine are examples 
of Such elements. In this case recourse is had to a so-called indireci 
method — t.e. the given substance is combined with another element, 
and by a method of double decomposition this element is replaced by 
oxygen. Substances which do not directly combine with oxygen, but 
form compounds with it by an indirect method, often readily lose 
the oxygen which they had absorbed by double decomposition or 
at the moment of its evolution. Such, for example, are the com- 
pounds of oxygen with chlorine, nitrogen, and platinum, which evolve 
oxygen on heating — that is, they may bo used as oxidising agents. In 
this respect oxidising agents^ or those compounds of oxygen which are 
employed in chemical and technical practice for transferring oxygen 
to other substances, are especially remarkable. The roost important 
amongf these is nitric acid or aqua/oftia — a substance rich in oxygen, 
and capable of evolving it when heated, which easily oxidises a great 
number of substances. Thus nearly all metals and organic substances 
containing carbon and hydrogen are more or less oxidised when heated 

^ When it it desired to preuxre a supply of vegetable and animal food, the accoss of 
the oxygen of the atmosphere (and also of the germs of organisms present in tho air) is 
often prevented. With this object articles of food are often kept in hermetically closed 
vessels, from which the air has been withdrawn ; vegetables are dried and soldorod up while 
hot in tin boxes ; sardines are immersed in oil, &c. The removal of water from substances 
Is also sometimes resorted to with the. same object (the drying of hay, com, fruits), as also 
Is saturation with substances which absorb oxygen (such as sulphurous anhydride), or 
which hinder the growth of organisms forming the first cause of putrefaction, as in 
pfrooesses of smoking, embalming, and in the keeping of fishes and other animal speci- 
mens in spirit, drc 
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with nitric Mict. If strong nitrio acid be taken, aad a. piece of bnmiDg 
cbarconl be imnei'sed in the scid, it continaes to burn. Chromic acid 
acts liliB nitric acid , alcohol bums when mixed witli it. Although 
the action ia not so marked, eves water may oxidise with its oxygen. 
Sodium is not oxidised in perfectly dry oxygen nt the ordinary tem- 
perature, but it bums very easily in water and aqueous vapour 
Charcoal can bum in carbonic anhydride — a product of combustion — 
forming carbonic oxide. Magnesium barns in the same goa, separating 
carbon from it. Speaking generally, combined oxygen can pass from 
one compound to another. 

The products of combustion or oxidation — and in general the definite 
compounds of oxygen — are termed oxidea. Some oxides arc not capable 
of combining with other oxides— or combine with only a few, and then 
with the evolution of very little heat ; others, on the contrary, enter 
into combination with very many other oxides, and in general have 
remarkable chemical energy. The oxides incapable of combining with 
others, or only showing this quality in a small degree, are termed 
iiidiffirent oxidte. Such ore the peroxides, of wbicb mention bos before 
J)eeD made. 

The class of oxides capable of entering into mutual combination 
we will term aalint oxides. They fall into two chief groups — at least, 
as regards the most extreme members. The members of one group 
combine with the members of the other group with particular case. 
As representative of one group may be taken the oxides of the metals 
magnesium, sodium, calcium, ±c. Representatives of the other group 
are the oxides formed by the non-metals, sulphnr, phosphorus, carbon. 
Thos, if we take the oxide of calcium, or lime, and bring it into 
contact with oxides of tiie second group, combination very readily 
ensues. For instance, if we mix calcium oxide with oxide of phos- 
phorus they combine with great facility and with the evolution of 
much heat. If we pass the vapour of sulphuric anhydride, obtained 
by the combination of sulphurous oxide with oxygen, over pieces of 
lime heated to redness, the sulphuric anhydride is absorbed by the 
lime with the formation of a substance called calcium sulphate. The 
oxides of the first kind, which contain metals, are termed baiie oxide* 
or bates. Lime is a familiar example of this clasa. The oxides of the 
second group, which are capable of combining with the bases, are 
termed aafiydridci of the acida or acid oxtde*. Sulphuric anhydride, 
SOj, may be taken as a type of the latter group. It ia a compound 
of sulphur with oxygon formed not directly but by the addition of 
a fresh quantity of oxygen to sulphurous anhydride, SO,, by paiaiiig 
it together with oxygen over iocftndescent spongy plutinuin, Carboaic 
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chlorine dioxide, chloriue trioxide, and chlorine tetroxide c 
BDhydrido. 

The oxides themselves rarely undergo chemical transformations, and 
in the few cases where thej are subject to such ehaoges a particularly 
important part is played by their combinations with water. Tha 
majority of, if not all, basic and acid oxide:^ combine with water, either 
by a direct or an indirect method forming /i^ifrufM— that is, compounds 
which split up into water and an oxide of the same kind onlj. It 
is well known that many substances are capable of combining with 
water. Oxides possess this property in the highest degree. Wo have 
already seen examples of this {Chapter I.) in the combiimtioa of lime, 
and of sulphuric and phosphoric anhydrides, with water. The resulting 
combinations are basic and acid hydrates. Acid hydrates are called 
aeida because they have an acid taste when dissolved in water (or 
saliva), for then only can they act on the palate. Vinegar, for example, 
has an acid taste because it contains acetio acid dissolved in water. 
Sulphuric acid, to which we have frequently referred, because it 
is the acid of the greatest importance both in practical chemistry and 
for its technical applications, is really a hydrate formed by the com- 
bination of sulphuric anhydride with *ater. Besides their acid taste, 
dissolved acids or acid hydrates have the property of changing the blue 
colour of certain vegetable dyes to red. Of these dyes tilmua ia 
particularly remarkable and much used. It is tlie blue substance ex- 
tracted from certain lichens, and is used for dyeing tissues Hlue , it 
gives a blue infusion with water. This infusion, on the addition of an 
acid changetfrmn hlttt to red.*" 

" Blotliim or naaUsd pafnr, K*ked Id k lalalioD of litcaii*, t> iuwIIt amplaysd tor 
dfiCACting^tht prsMDoa of mtndM- Tbit V*-P^ i> cat [nlo vtHpa, HJid ■■ chJIdiI tett paper ; 
*hea dip[i«d into udd II imnHdiiitel; Idtdi nd. Thii is ■ mott wuitiTS mction, wi 
D»y h» einplojed far toting lot the oaillait truei of uida, U lO.DOD ptrti bj weight 
of wnUr be muwd with. I put of iDlpharia acid, tho colontion it diitinct. ud it ■■ 
«T«D ptmplibl* oa Iba additian ol ten timet more witsr, Cetiun prscautlou muit, 
bowim, b* Uken Is tha prspuKtioo of rocb 'crj itaiMva litmui piper. Lilmni ii 
■old in Imnpo. Tiks. Hj, 100 gnmi of it ; poirdei it, and add it to cold pan wstor io 
(flub; thikoud de«nt the irit«r. Hepeil thii thno times. Thi> ii done to wub 
■wky euilT-Kilable impuri tiei, eCpeciillj allnlii. Tnutsfei lbs vMbod Utmna (it i> aulwd 
ftith ^bfiolate dcohol Co nmore the uoa-Hoiitivd feddiah oolourinff mutter) to & Q&dk. 
uid pour in MO c.a, of ntar, heat, uid lUow the hot uiiDBioD to n'mtin (or urae honri 
in ■ wun pUoD. Then filter, and diride the Glints into Itio paRa. Add a ten dropa of 
oitria adid to one portioD, u that a faiot red tioge ia obtaiDod, uid then mix the two 
portioiu. Add epirit to the ourtDre, t^d keep it in a eloppered bottle (it eooa ipoila 
it left open to the aii). This tntaiion ma; be emplnjed directly : it reddaus in the 
priiumno oI lUida, end tnnublaa in the preaoocsof alkoJia If evaporated, a lolid mala 
>i obtained which it soluble in water, and maybe kept nuiJianged for any length of tima- 
The test paper may be pnpared ai foUowi :— Take a itrong infoiioa of Utmai, and aoak 
bloltjng.papei with it : dry it, and cut it into eliips, and oh it aa taat.papB for aoida. 
For the deleotioD o( alkalii, tha paper miiit be Booked ia a (olntion ol titmaa just lad- 
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Basic oxides, m oombiniug with water, form hydrates, of whid^ 
however, very few are soluble in water. Those which are soluble in 
water have an alkaline taste like that of soap or of water in which 
wood ashes have been boiled, and are called alkalis. Further, alkalis 
have the property of restoring the blue colour to litoias which has beea 
reddened by the action of acids. The hydrates of the oxides of sodiam 
and potassium, NaHO and KHO, are examples of basic hydrates 
easily soluble in water. They are true alkalis, and are termed cauHtc^ 
because they act very powerfully on the skin of animals and plants. 
Thus NaHO is called 'caustic ' soda. 

The saline oxides are capable of combining together and with 
water. Water itself is an oxide, and not an indifferent one, for it can, 
as we have seen, combine with basic and acid oxides ; it is a represen- 
tative of a whole series of saline oxides, inlermediaU oxides, capable of 
combining with both basic and acid oxides. There are many such 
oxides, which, like water, combine with basic and acid anhydrides — for 
instance, the oxides of aluminium and tin, dec. From this it may be 
concluded that all oxides might be placed, in respect to their capacity 
for combining with one another, in one uniiUerrupted series, at one 
extremity of which would stanS those oxides which do not combine 
with the bases — that is, the alkalis—while at the other end would be 
the acid oxides, and in the interval those oxides which combine with 
one another and with both the acid and basic oxides. The further 
apart the members of this series are, the more stable are the compounds 
they form together, the more energetically do they act on each other, 
the greater the quantity of heat evolved in their reaction, and the 
more marked is their saline chemical character. 

We said above that basic and acid oxides combine together, but 
rarely react on each other ; this depends on the fact tha^ the majority 
of them are solids or gases — that is, they occur in the state least prone 

dened by a few drops of acid ; if too moch acid be taken, the paper will not be sensitive. 
Buob acids as sulphuric acid colour litmus, and especially its infusion, a brick-red colour, 
whilst more feeble acids, such as carbonic, give a faint red-wine tinge. Test-paper of a 
yellow colour is also employed ; it is dyed by an infusion of turmeric roots in spirit. In 
alkalis it turns brown, but regains its original hpe in acids. Many blue and other vege- 
table colouring matters may be used for the detection of acids and alkalis ; for example, 
infusions of cochineal, violets, log-wood, Ac. 'Certain artificially prepared substances and 
dyes may also be employed. Thus rosolio acid, CiK>H|eOs and phenolphthalein, C^oHuOf 
(it is used in an alcoholic solution, and is not suitable for the detection of ammonia), 
•re colourless in an acid, and red in an alkaline, solution. Oyanine is also colourless in 
ttie presence of acids, and gives a blue coloration with alkalis. Methyl-orange (yeUow 
in an aqueous solution) is not altered by alkalis but becomes pink with acids (weak 
tdds have no action), &o. These are very sensitive tests. Their behaviour in respect to 
virious acids, alkalis, and taUt ejjiiBeiimes give the meane of distingoiflhiog aabtlanoaa 
fmn eaoh othpr. 
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to cbemicid rencUoii. The gaseo-elastic stale is with difficulty deitroyed, 
because it neceB*itiit«s overcoming the elasticity proper to the gaseou 
[wrtiolcs. Ttie solid state is charsetcrised by the immobility of its 
particlei ; whilst cbemicttt action requires contact, nnd hence a dia- 
pUoeuent and mobility. If solid oxides be heated, and especially if 
tbey be melted, then reaction pi'ocoeds with great ease. But such a 
flange of state rarely oocnrs in nature or in practice. Only in a few 
furnace prooesaes ia this the case. For example, in the itionofacture of 
glass, the oxides contninod in it combine together in a moltco state. 
But when oxides combine with water, and especially when they form 
hydrates soluble in wator, then the mobility of their particles increases 
to a considerable extent, and their reaction is greatly hcilitated. Re- 
action then takes place at the ordinary temperature— easily and rapidly ; 
so that this kind of retution belongs to the class of those which take 
p^ico with unusual facility, and are. therefore, very often taken advan- 
tage of in practice, and aUo have been and are going on in nature at 
every step. We will iiow consider the reactions of oxides in the state 
of hydrates, not losing sight of the fact that water is itself an oxide 
with definite properties, and has, therefore, no little iiiflucDce on the 
course of those changes in which it takes port. 

If we take a delinite quantity of an acid, and add an infusion oE 
litmus to it, it turns red ; tho addition of on alkaline solution docs not 
imuiediately alter the red colour oE the litmus, but on adding more and 
more of the altaline solution a point ia reached when the red colour 
changes to violet, and then the further addition of a fresh quantity of 
tho alkaline solution changes the colour to blue. This diaiige of the 
colour of the litmus is a consequence of the formation of a new com- 
pound. This reaction ia termed the aaturation or neulralitation of 
.the acid by tho base, or vice fertile The solution in which the acid 
properties of the acid are saturated by the alkaline properties of the 
base is termed a ntutral solution. Such a solution, although derived 
from the mixture of a base with an acid, does not exhibit either 
Uie acid or basic reaction on litmus, yet it preserves many other 
signs of the acid and alkali. It is obser^'cd that in such a definite 
admixture of an acid whb on alkali, besides Iha cbongoi in the colour 
tf litmus there is a heating effect — i.t. an evolution of heat — -which is 
•lone snlficieDt to prove that there was chemical action. And, indeed, 
If the resultant violet solution be evaporat«d, there separates out, not 
the acid or the alkali originally taken, but a substance which has 
neither acid nor alkaline properties, but is usually solid and crystal- 
line, havbg a salina appearance ; this is a sail in tho chemical sense of 
the word. Menoea salt ia derived from the reaction of an acid no 
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exampta of definite chemical cooiponnds, and both in tho history iLn<} 
prtictica of science are moat often cit«d ns confirmiag the conception of 
definite chemical compounds. Indeed, all the indications of a deSnito 
chemical combination are clearly seen in the formation and properties 
of salts. Thua, they are produced with a definite proportion of oxide*, 
heat is evolved in their formation,'^ and the chemical character of the 
oxides and many of the physical properties become hidden in their saltc 
For example, when gaseous carbonic anhydride combines with a baso 

obiencd to leicl on bolh Iha acii 
] qneilloi), ohich la lolabls both la 



Lte, th<u 



ud alknli. Hydnte ot •Jumiiw 
«ftQitio poUsh And io Hilphniic u 

Tlia degree o/affimty or cbemiai tnergy proper to oiide> uid Uuir bydnM li nij 
dlatiiailu; toniD citramo membErB ol the sariei poastii it to a gitsi aidiiil. Whtn 
ftCtJugon euh othor th« J evolvo a 1«TgB qnintitygf hatLtiAodvlien SfLingon Sntomadultt 
hydratea Ll^y alao «volvs b«a& to m ooiuidanbJa degm, ab we asw is the c«Dbmatian 
ol UvB and bulphurio anhydride with tvAter. When citramo oiidea oombiaa Itoy form 
Meble calla, which ate itcoafiMra with difficulty, and often ehow ch»r»Bt™>tio ptopw. 
tiei. The compoondi ol the irtnniedikto oiMh <Tith sach otlwr, or olan irith buiO 
and Kid oiidai, pidecl a vei7 different case. Howivrr much iJujulna «a uutji d>uulv« 
in iQljilmiia acid, we saoDot uloialD 1^ acltl propcrtieg ot tbo lutphuric acid, Om 
nnlting molntion win always have an acid reaction. Bo alio, whitevet qiiimlit)' o| 
■Inmlna i> diaaolTsd io ui alkali, the reaaltiDg eolutioo will alwaja pre>«iil an «ll(i,lin6 

" In ordur to E><a ■>□ idea ot Iho quantity ul but evolreJ in tho lotinulioa ot ultl 
ItLta for very dilvta a^ueou9 totutio*t» of icidu and alkalij, accoM- 
Liooi of Boitlielal and TbomiBii. Ths fieuioa aia eiron ia majM 
olorisB— th>tii,ia thounuidaolaTiitaolhEiLt Foreumi>le,18eTiuiitaf aulphuricaciA 
HgSDi, takea in ■ dilute aqueooi lolutioa, when miiod with luch u amount of a wMk 
•olDlJoD ol caaitie aodi, N>HO. that a Mutnl ull is tormea (when all tho hydrogen ol 
tbe uid 11 replusd b; Uus aodiom). avolTea 11,800 uuiu ol h«al. 
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put. Thai, lor inilane^ enlphorio ti 
g inwal« oolva vary mndi beat, uid the leaoltant K-diBDi inliiliateTtryliHlat 

Lt eiolTed in a hydralel combination. Those *eidt which un not energotie in 

ig with tb« lams qoantity ot alkaUa rsqnired lac the lormation ot nonul aijt* 

nitrio Hid* alwaye, bowavar, ipva les* heat For {naiancv, with c*i)ati« 

■Old giTaa 10*1, hydroeyanic, 8*0. hydrogen lalphide, S'9 major eaJorlof, 

ipls, Fe,Oi) al» erolTo leaa hut than those which ua mot* 

, oorrulatiob botwa«a therMoehcmical data and the dagnv of 

, >a la other eaaea (w« Cbap(« n.. Note 7) : this doe* not, how- 

meanuing tho affinity which btnda Iha elementa of aalM by (hi 

in dilute aolationa. Thii [i very deuly damoiutratad by Ih*. 

deooEopoBc in(4iy aalti, and Is aepualed in their toimation. 
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\o fonn a solid salt, the elaiticitj oft.the gas quite disappears in its 
passage into the salt.^ 

Judging from the above, a salt is a compound of ba»io and 
acid oxides, or the result of the action of hydrates of these classes on 
each other vfith separation of water. Bui salts may be obtained by 
other methods. It must not be forgotten that basic oxides are formed 
by metals, and acid oxides usually by non-metab. But metals and 
noB-metals are capable of combining together, and a salt is frequently 
formed by the oxidation of such a compound. For example, iron very 
easily combines with sulphur, forming iron sulphide FeS (as we saw 
in the Introduction) ; this in air, and especially moist air, absorbs 
oxygen, with the formation of the same salt FeS04, that may be obtained 
by the combination of the oxides of iron and sulphur, or of the hydrates 
of these oxides. Hence, it cannot be said or supposed that a salt ht^ 
the properties of the oxides, or must necessarily contain two kinds 
of oxides in itself. The derivation of salts from oxides is merely one 
of the methods of their preparation. We saw, for instance, that in 
sulphuric acid it was possible to replace the hydrogen by zinc, and that 
by this means zinc sulphate was formed ; so likewise the hydrogen 
iin many other acids may be replaced by zinc, iron, potassium, sodium, 
and a whole series of similar metals, corresponding salts being 
obtained. The hydrogen of the acid, in all these cases, is exchanged 
for a metal, and a salt is obtained from the hydrate. Regarding a 
salt from this point of view, it may be said that a salt is an acid in 
which hydrogen xs replaced by a metal. This definition shows that a 
•alt and an acid are essentially compounds of the same series, with the 
difference that the latter contains hydrogen and the former a metal. 
8uch a definition is more exact tHan the. first definition of salts, 
inasmuch as it likewise includes those acid# which do not contain 
oxygen, and, as we shall afterwards learn, there is a series of such acids. 
Such elements as chlorine and bromine form compounds with hydrogen 
in which the hydrogen may be replaced by a metal, forming substances 
which, in their reactions and external characters, resemble the salts 
formed from oxides Table salt, NaCl, is an example of this. It may 

** Carbonic anhydride evolve* heat in diMolring in water. The aolutiou easily (Hh- 
■ociates and evolves carbonic anhydride, according to the law ol Henry and Dalton {He 
Chapter I.) In dissolving in caustic soda, it either gives a normal salt, NftQCOg, 
which does not evolve carbonic anhydride, or an acid salt, NaHCOj, which easily evolven 
earbonio anhydride when heated. The same gas, when dissolved in solutions o( salts, acta 
in one or the other manner [tee Chapter II., Note 88). Here it is seen what a successive 
series of relations exists between compounds of a different order, between substances, of 
diflereTit degrees of stability. By making a distinction between the phenomena of solu- 
tions and chemical compQondt, we overlook those naiurol transitioiia wliich in reality 
esUi. 
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« obtained by the repIacemBnt of hydrogen in hydrochloric acid, HO, 
by the meta! sodium, just as sulphate of Bodium, NbjSO,, may bo 
obtained by the replowment of hydrogen in sulphuric acid, H^Oj, bjr 
todinm. The exterior appearance of ttie resulting products, their 
neutral reaction, and even their Boline tnste, show their reseiDblBnce 
to one another. 

To the fundameiital properties of salts yet BDothermust be added-' 
namely, that they are wore or less dtcimipined by the aelioa of a galvania 
turrenl. The results of this decomposition are very different according 
towhether theiaJt be taken iu a fused or dissolved state. But the decom* 
potition may generally be so represented, that the metal appears at the 
electro- negative pole or cathode (like hydrogen in the decom position of 
water, or its mixture with suiphuric acid), and the remaining parts of 
the salt appear nt the elpctro- positive pole or anode (where the oxygen of 
water appears). If, for instance, an electric oirrent acts on an aqueous 
eotution of sodium Bulphat4>, then the sodium appears at the negative 
^1e, and oxygen and the anhydride of sulphuric acid at the positive 
pole But in the solution itself the result is different, for sodium, as 
we know, decomposes water with evolution of hydrogen, forming 
caustic soda ; consequently hydrogen will be evolved, and caustic aodft. 
appear at the negative pole : while, at the positive pole the sulphurio 
onhydride immediately combines with water and forms sulphuric acid,, 
and therefore oxygen will be evolved and sulphuric acid formed round 
this pole." In other eases, when the metal sepnrated is not able ta 
decompose water, itwillbedepoait«dino free state. Thus, for example, 
in the decomposition of copper sulphate, copper separates out at the 
cathode, and oxygen and sulphuric acid appear at the anode, and if a. 
copper plate be attached to the positive pole, than the oxygen evolved 
will oxidise the copper, and the oxide of copper will^dissolve and bo 
deposited at the negutive pole — that is, a transfer of copper from the 
positive to the negative pole ensues. The galvanoploatic art (electro- 
typing) ii based on this principle. "^ Therefore the most radical and 
general properties of salts {including also such salts oa table salt, which 

» Tliii kind ol d«oiii}iotitiaD miy Iw cuily obHrved by txnmng • lolatioD oT >adiuiD 
■ulphftte inlc ■ U-ihiped tab« ud inurtiag clMlrod« m the two bruckf-i. If the wln- 
UoD bii coloured witb ui iiJaiion of litmuj, it viU eaul^r b« >««d Lhat it turUB bTgv mI the 
cathodt, owiDg to the lomulioD of 108111111 bTdniida, mA red it tba elKlro-poiiliva 
pole. [nnD the fonution of BUlpbDric uid. 

^ In other c&wi the decom povtion of t&lte bj the electric cDrreqt m»y be ftocom- 
puiivd b7 EDDcb more complei roiuJCt. Thoe, vben the ojcUj of the salt a cikpAbte of a 
higber degiee of Dxsdktioa. each « higher oxide niAj be fonned At the potilite pole bj 
the ox;geD which ia eiolied then, Thi< likes pIwNi. (oi iuituce, in the decoiDpoiltioo 
of ulta of >i?rar mail muguiaia b^ the galvuic curreol, peroiidet of thew metali 
btio^ fotmed. Xbua is lin e^ectioif tl> of • wlalioD at KC1, KaO; i> fonusd, lud of 
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.contaiu no oxygen) may be expressed hy representing the salt M 
composed of a metal M and a haloid X — that is, by expressing the salt 
by MX. In common table salt the metal is sodium, and the haloid aa 
elementary body, chloiine. In sodium sulphate, Na^SOi, sodium is 
again the metal, but the complex group, BO^ is the haloid. In sulphate 
of copper, CUSO4, the metal is copper and the haloid the same aa in 
the preceding salt. Such a representation of salts expresses with great 
simplicity the capacity 0/ every salt to enfer into saline double deeompO' 
titions with other salts ; consisting in the mutual replacement of the 
metals in the salts. This exchange of their metals is the funda- 
mental property of salts. In the case of two salts with different metala 
and haloids, which are in solution or fusion, or in any other manner 
brought into contact, the metals of these salts will always partially 
or wholly exchange places. If we designate one salt by MX, and the 
other by NY, then we either partially or wholly obtain from them new 
aalts, MY and NX. Thus we saw in the Introduction, that on mixing 
solutions of table salt, NaCl, and silver nitrate, AgNOs, a white 
insoluble precipitate of silver chloride, AgOl, is formed and a new salt^ 
sodium nitrate, NaNOj, is obtained in solution. If the metals of salts 
exchange places in reactions of double decomposition, it is clear that 
metals themselves, taken in a separate state, are able to act on salts, at 
zinc- evolves hydrogen from acids, and as iron separates copper from 
copper sulphate. When, to what extent, and which metals displace 
each other, and how the metals are distributed between the haloids, 
w^ be discussed in Chapter X., where we shall be guided by those 
ceflections and deductions which Berthollet introduced into the science 
at the beginning of this century. 

According to the above observations, an acid is nothing more than 
a salt of hydrogen. Water itself may be looked on as a salt in which 
the hydrogen is combined with either oxygen or the aqueous radicle, 
OH ; water will then be HOH, and alkalis or basic hydrates, MOH. 
The group OH, or the aqueous radicle^ otherwise called hydroxyl^ may 
be looked on as a haloid like the chlorine in table salt, not only because 
the element 01 and the group OH very often change places, and com- 
bine with one and the same element, but also because free chlorine is 
very similar in many properties and reactions to peroxide of hydrogen, 
which is the same in composition as the aqueous radicle, as we shall 
siterwards see in Chapter IV Alkalis and basic hydrates are also 

wilphario acid (corresponding to SOj) persalphorio acid, corresponding to 82O7. Bat all 
the phenomena as yet known may be expressed by the above law — that the current 
decomposes salts into metals, which appear at the negatiye pole, and into the remaining 
•QQtponent parts, which appear at the positiye pola. 
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■alta eonnating of ft roetal and hfttroxyl— for umtance, c&ustic soda, 
NaOH 1 this istherefore termed Bodiam hyJroxide. According U> this 
view, ofid fdlli are those in which a portion onl; of the hydrogen is 
replaced bj a metal, and a portioo of the hydrogen of the acid remains. 
Thus sulphuric acid (H,SO,) not only gives the normal salt NaiSO^, 
with sodium, but also an acid salt, NaHSOj. A baiic salt is one in 
which the metal is combined not only with the haloids of acids, but 
also with the aqueous radicle of basic hydrates — for example, bismuth 
gives not only a normal salt of nitric acid, Bi(NO])], but also basic 
Baits like Bi(OH)i(NO,). 

As basic ftnd acid salts of the oxygen acids contain hydrogen and 
oxygen, they are able to part with these as water and to give anhydro- 
■alts, vhich it is evident will be compounds of normal salts with 
Anhydrides of the acids or with bases. Thus the above-mentioned acid 
sodium sulphate corresponds with the anhydro-salt, Na,S,0;, equal to 
2NaHS0„ less H,0. The loss of water is here, and frequently in 
other cases, brought about by heat alone, and therefore such salts are 
frequently termed pyro-sa?W— tor instance, the preceding is sodium 
pyrosulphate (S^,3.fii), or it may be regarded as the normal salt 
NajSO, + sulphuric anhydride, 80,. Double salts are those which 
oontain either two metals, KAI(SO,)^ or two haloids." 

*' The fibovo.enaiic{ited EO»nIi>>ti<>i> °( '^ amcDptum at ulla u eomponnilB o( 
Uw mettb (limple. tti conipoDDd like uuDoniiua. NH,), •rith Iha liitoids (uinple, tilia 
chlorine, oi compound, like cjinngeo, CN, or the ndida of (nlphunc scid, SO,), upulits 
.of vnUribg into double tklino deoompontioi^ which ii in ucorduic« with the gonttaJ 
data Napecting ulu, vu Dolj fonned littls bj Utile after ■ ■DMnpioa ol inoit vuied 
pfDJ^avtiou u to the chemlciLl fetraetare ot «&lta. 

Bait* belong to the cUu ot (ObsUaca which have beer hnoWDiisce nry eul; timei. 
And have Itrag be«n iuveBtigAtod in muiy diKctioQB. At first, however, □□ diftinrtion 
wu nurde belween wdlg. uidi, uid buei. GUaber prepared muj utificUl ulta dnnng 
the Utter faaU ot the umalHtith oeDtnry, Up lo Uut time the rnajorilx o( ulw waca 
obluned troln D»tor»l •ouroel, ud th»l lilt which wa h»ve roteirod to B«»ar«l timei — 
auBeljr. lodiain eulphita— wu nuned Olinbcr'a u1( atui thii chemiil. Boattia di«- 
tingoiidied nomAl, add. ukd buts ulta, and ihowed their ooUdd od vegelabls Ajf, tbU 
ha confoonded manj lalta with icida (besd now nterj acid aalt ooghl to be regaided a* 
an acid, becauae it conUini hydiogen. which icaT be repIacAd by matala — tliat i>, it ii 
tll*>]Pd»gen o( an aoid). Baumj diiputad Ronella'a opinion concenting Uie tubdiriaiaa 
of aalta, ccmlaading that normal aalu only are IroA aalta, and that haAic lalia are aimpla 
■nixtnn* of norSlal aalM with baaea and aoid aalla with Ksdi, eoDBidaiing thai wuhing 
alon* could remova the baae or acid bum thaoi. BoDelle, in (he middle of the laat cen- 
taiT>liO»«vtr, nnderedagreat aerricelo theatodf ot aalM and Uw dilfutiaa ot know- 
bdgs mpecting Uua daaa ot componDda in hii attrav tire lecturea. Be, like the maJDlitT 
of tbo chamiata dI Ibat penod, did not emploj lbs balance in hi> reuarchaa. bnt laliiBed 
blmaelt with poreljr ijnalilaliiD data. The flnt <]oantilalive rcwarchea oQ aalWwera 
«uriad on about tliia tune bj Weniel. who wa* the dirscior ot tlie Fraiboi^ miiiaa, in 
Baiony. Weniel etadied the double decompmition oI ulUi. luid obaerced that ia Iba 
doable dscompositioa of nestni] aalU a neutral aalt irai alwaja obtajnad. He provBd', 
br a nwthod ol weighing, thai Qua ia ds* to th* lad thai Uia aatnration of .a fivn 
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Inasmuch as oxygen compounds predominate in nature, it should 
expected from what has been said above, that salts, rather than acidi 

qiumiity of a base requirea raoh relative qnantitiet of different aoidt mm are capable ol 
Batarating every o^her base. Having taken two neutral salt*— for example, ■odiam aoK 
phate and calcium nitrate— let us mix their solutions together. Double deconjpositioo 
takes place, because calcium sulphate is formed, which is almost insoluble. However 
much we might add of each of the salts, the neutral reaction will still be prMerred^ 
consequently the neutral character of the ^alts is not destroyed by the interchange cl 
metals ; that is to say, that quantity of sulphuric acid which saturated the sodium ta 
sufRcient for the saturation of the calcium, and that amount of nitric acid which ■afto* 
rated the calcium is enough to saturate the sodium contained in oombination vitk 
sulphuric acid iu sodium sulphate. Wenzel was even convinced that matter does nol 
disappear iu nature, and on this principle he corrects, in his Doctrine of Affinity , th« 
results of his experiments when he found that he obtained less than h^ had Ofigu 
nally taken. Although Wenzel deduced the law of the double decomposition of saltf 
quite correctly, he did not detennine those quantities in which acids and bases act oa 
each other. This was carried out at the end of the last century by Richterr He deter- 
mined the quantities by weight of the bases which saturate acids and of the acids which 
saturate bases, and obtained comparatively correct results, although his oonclosiona 
were not correct, for he states that the quantity of a base saturating a given acid variet 
in arithmetical progression, and the quantity of an acid saturating a given base in geo- 
metrical progression. Richter studied the deposition of metals from their salts by other 
metals, and observed that the neutral reaction of the solution is not destroyed by this 
exchange. He also determined the quantities by weight of the metals replacing one 
another in saltH. He showed that copper displaces silver from fts salt, and that sine 
displaces copper and a whole series of other metala Those quantities of metals whi^ 
were capable of replacing one another were termed equivalents. 

Richter's teaching found no followers, because, although he fully believed in the die- 
•coveries of Lavoisier, yet he still held to the phlogistic reasonings which rendered his 
expositions very obscure. The works of the Swedish savant Berzelius freed the facts 
discovered by Wenzel and Richter from the obscurity of former conceptions, and led to 
their being explained in accordance with Lsivoisier's views, and in the sense >ol the law 
of multiple proportions which had already been discovered by Dalton. On applying to 
salts those conclusions which Berzelius arrived at by a whole series of researches of 
remarkable accuracy, we arrive at the following law of equivalents — one part by toeigki 
of hydrogen in an acid is replaced by the corresponding equivalent weight of any 
metal ; and, therefore, when metals replace each other their weights are in the same 
ratio as their equivalents. Thus, for instance, one part by weight of hydrogen is replaced, 
by 28 parts of sodium, 89 parts of potassium, 13 parts of magnesium, 20 parts of cal- 
cium, 28 parts of iron, 108 parts of silver, 88 parts of zinc, kc, ; and, therefore, if sino 
replaces silver, then 88 parts of zinc will take the place of 108 parts of silver, or 88 parts 
of zinc will be substituted by 28 parts of sodium, ice. 

The doctrine of equivalents would be precise and simple did every metal only give 
tme oxide or one salt. It is rendered complicfited from the fact that many metals form 
several oxides, and consequently offer different equivalents in their different degrees of 
oxidation. For example, there are oxides containing iron in which its equivalent is 
9^ — this is in the salts formed by the suboxide; and there is another series of salts 
in which the equivalent of iron equals 18) — which contain less iron, and consequerttlj 
more oxygen, and oorrespond witli a higher degree of oxidation — ferric oxide. It is trus 
that the former salts are easily fonned by the direct action of metallic iron on acids, and 
the latter only by a further oxidation of the compound formed already ; but this is not 
always so. In the case of copper, mercury, and tin, under different circumstances, salla 
are formed which correspond with different degrees of oxidation of these metals, and 
mwiy metals have two equivalents in their different salts-^that is, in salts correspondix^ 
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"or bases, would occur most frequently in nature, for these latter would 
uiways tend to combine forming aalts, especially through the mediuiii 

with the diHersnt dsgreea ot oiidation. Thai it ii impouible to endow ereiy mutai with 
one dBflnitn sqaiiilcul Height. Hence ths caoMptioo of aqBirsleutB, wbile plujing 
•a importsnl (vt [rem on hiitorini point ot view, apiMua. with > lullor Bt<idj> cl 
obctniiti;. to be but Bobordintte to n higher conceiiliaii, with which ne shall kltetwudi 
become iicqatinted- 

Tlifl fftte of the theoreticikl Ttews of chamiatry wu tor ■ lo' 
tbs history ot ull*. The clelreit representation ol this itibjecl 
uidwwijitemttlcaJli developed by BerzeliQi. This rHpnaenlal 
theory. AU conjpaundt, and aHpsciolly salts, are repreeeoted aa 
SalU are representn) ai compounds ot a basic oiide (a bue) i 
aohydiido of an acid, tli^n termod an aoid), wbilel bydiates a. 
pnuds ot anhjdrons oridei with water. Such an eiprtMion wi 
dmolelbemost osnul method of lormalion ot tbeas anbitwiceB 
IS that internal di» 



le bound up with 



prapoied to 



iiplain all the propeTtiei ot UioM 



repieeanted as <x 
tjDpEoyed not only 
lere it would be qt 



Capper iujphato was anfK 
er oxide and Botpharie anbf' 
dride. This is aa hypotheiia. It ame from the lo-caUod citctro-chrmieal hspolHnU, 
which BDpposod the two coniponent parts to be held in matuaJ nnion, beaaee ooe eom. 
ponent (the anhydride ot the iwid) bu eleelro-oegaliTe ptopecUei, and the other (Ihs 
base in salts) ■lectro.poaitive. The two paiti are attracted together, Uka aabitanoa* 
haring opposite eteclrieal ehargH. Bat aa the decompoHtion ol salla in a state ol luaioa 
by an electtio cutnnt always giiea a metel, that repreeenlation ot the conttilallon 
and <[ecDniposition of ealts ciJIed the hsdngnt theory ol acida is nearer the tratb than 
that which cooiiders salts as made up ot a base and an ashydride ol an acid. But the 
hydrogen theory o( acida is also a binary bypotbssis, and does not contrmdiet the 
eIectro.choinical hypothesis, but is rather a modification ol it. The binary theory dates 
Irom Rouelle and Lavoisier, the electro.chemical aepect wae tealooely developed by 
Beneliua, and the hydrogen theory of acids is due to Dary and Liebig. 

These byiuthatioal views simplified and generalised the study at a complieatad 
Babject, and served to tnpport further. uEQipents, bnt when salts were ia question it 
was eqnally convenient to follow one or the other ol these hypotheses. But Lhesa 
Iheoiiee were brooght to bear on all other sabitaness, on all eomponnd sobilanoee. 
Those holding the binary and electro-chemical hypolheies searched lor two anli-polsi 
oomponent ports, and andeavoored toeipresslbe process ol chemical reactions by eleetre- 
ohemical and eimiltir dillereucea. If sine replaces hydrogoo, they concluded that it ie 
TDoie electro- positive than hrdrogeD, whilst they forgot that hydrogen may, nnder diSereut 
eir«Dnistanns, displace dn£^^3 InMance, at a red heal. Chlorine and oiygen wen eon- 
aidered as being ol opposite polarity to hydrogen because they eaailj combine with it, 
oaTarthelssa both are capable ot replacing hydrogeii, and, what is very character. 



istio, in the replacement of hydrogen by cb 



le in cvbou compotuide not only does the 



OMhanged, as Lanreut and Dnms 

binary, and man especially tlw electnMihemical theoi 



n unaltered, bat even the eitental Ic 
noustrnled. These conaideratioui t 



IS then began to be sought lor n 



(ubelaneei, bnt in tb> Jon 
poDBd formed. This is the re 



111 the difference ol the polarity ot the different 
ot tbo preceding hypothesis. 



not, however, tlmited to the deal 



ot the preceding theory ; it proposed a 



I strictly acknowledges Ihs joii 



influences of the elements m 



denies tlie eiislonce of separate and Dootrary component! 

•atphate, lor inatance, aa a strictly detuile conpoiud of copper, sulphur, ai 
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CHAPTER IV 

OZ09B AKD HTDBOOEK PSROXiDfi— ^DALTOK'S LAW 

• 

VaK Maeum, during the last century, observed that oxygen in a glan 
tubes when subjected to the action of a series of electric sparks, acquired 
a peculiar smeU, and the property of combining with mercury at the 
ordinary temperature. This was afterwards confirmed by a number of 
fresh experiments. Even in the simple revolution of an electrical 
machine, when electricity diffuses into the air or passes through it, the 
peculiar and characteristic smell of ozone, proceeding from the action 
of the electricity on the oxygen of the atmospliere, is recognised. In 
1840 Prof. Sch()nbein, of Basle, turned his attention to this odori- 
ferous substance, and showed that it is also formed, with the 
oxygen evolved at the positive pole, in the decomposition of water 
by the action of a galvanic current ; in the oxidation of phosphorus 
in damp air, and also in the oxidation of a number of substances, 
although it is distinguished for its instability and capacity for oxidis- 
ing other substances. The. characteristic smell of this substance gave 
it its name, from the Greek ZCio^ *1 emit an odour.' Schonbein 
pointed out that ozone is capable of oxidising many substances 
on which oxygen does not act at the ordinary temperature. It 
will be sufficient to point out for instance that it oxidises silver, mer- 
cury, charcoal, and iron witb great energy at the ordinary temperature. 
It might be thought that ozone was some new compound substance, as 
it was at first supposed to be ; but careful observations made in this 
direction have long led to the conclusion that ozone is nothing but 
oxygen altered in its properties. This is most strikingly proved by the 
complete transformation of oxygen containing ozone into ordinary 
oxygen when it Is passed through a tube heated to 250*^. Further, at 
a low temperature pure oxygen gives ozone when electric sparks are 
passed through it (Marignac and De la Rive). Hence it is proved both 
by synthesis and analysis that ozone is that same oxygen with which we 
are already acquainted, only endowed with particular properties and ia 
a particular state. However, by whatever method it be obtained, tho 
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it of it contained in the oKjgen is inconsiderable, genorallj only & 
lew fractions per cent,, rarely 2 per ceut., and only under very propiti- 
ous circaraHtf^nces as much as 20 per cent. The reSBon of this must bo 
lookisd for first in tha fact that oxone in its formation from oxygen 
ahtorbthtat. If onytubstance be bomtia a caJorimetcr at the expense 
of ozonised oxygen, then more heat is evolved than when it is burnt ia 
ordinary oxygen, «nd Berthelot showed that this difference is very 
largo — namely, 29,600 heat units correspond with every forty-eight 
parts by weight of ozone. This signifies that the transformation of 
forty-eight parts of oxygen into ozone is accompanied by the absorp- 
tion of this quantity of heat, and that the reverse process evolves this 
quantity of heat Therefore the paaaage of ozone into oxygen should 
take place easily and tDlly(Bs an exothermal reaction), like combustion , 
and this is proved by the fact that at 250° ozone entirety disappears, 
forming oxygen. Any rise of temperature may thoa bring about the 
breaking up of ozone, and as a rise of temperature takes place ia the 
action of an electrical discharge, there are in an electric discharge the 
conditions both for the preparation of ozone and for its destruction. 
Hence it is clear that the tranafonnation of oxygen into ozone aa a 
reversible reaHion has a limit when a state of equilibrium is arrived at 
between the products of the two opposite reactions, that the phenomena 
of this transformation accord with the phenomena of dissociatxon, and 
that a fall of temperature should aid the formation of a large quantity 
of ozone.' Further, it is evident, from what bee been said, that the 
best way of preparing owne is not by electric sparks,* which raise tha 
temperature, but by the employment of a continual discharge or flow 
of electricity— that is, by the action of a st/ent disc/target For this 

< This eoaFluaion. rlnlueed hy me kh Iu btnk u IB7S (Voaifciir Snentifiijun) by 
oawelrlDg tha motmilgi of oione (He Utar) u man cflmplsi Uun ihose of oiygcn, wd 
MCoa M ooDUIniag ■ gmter quiiptiljr of hear thiui oi^gm, hu been proTad eipori- 
■uaUllj by the ruurchu of Mulfert (18S0), wlio (howed that the paau^s of ■ nlent 
diichargB Ihtongh k LUa ol oiygaa at 0^ maf fonn np lo 11 millifmna of ofoiie, aad at 
-ta^BploeOiailligmniibDlbeatotaUin Ihe deUrqiiaiilioni cl Chappnix and UaDto- 
hnille (1880), who taond thM at a lampiiratnm ol -as° a ailent ditcharge conicrled 30 
[La of oi;gen iaia cnone, vtliilit at 90° it wai ImfoHibla to obUio nwre Uiau tS p^,. and 
M 100° leii than 2 p.c, ol otone m* obtAined. 

■ A tedea ol cluctrio apirka may be obtained by an ordinal^ alecthcal machine, 
4ha aleotiophDioiu n&chiiuH ot Holtt and TeploO, Ac-, Lcydim fan, Buhnkorit coili. ot 
■Imilai ineanf, whea the oppoaite electiidtka ore ablu to aocumulate at tha tcrminala 
olnCondnctAra, and a discharf{e of aafflolcnt electrical intennity paade« through the Don> 
ooaddcUira air or oiygan. 

) A silent diichuge ia audi a cnmbination ot oppoaila elaticol (polanti<il| cledtricitiaa 
M takei place (gntiarally between large antfacd) HgiUarly. withoot apuiki, ilowly. and 
qsielly (as m the diipenlon of electiicity). Iha diiChnrge ia only IsniinoBa ia the dark ; 
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larthelaa^ sa coatiBniDg Um paaaage of a (ilani diaduig* Ihnwgb 
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•I (which are of most varied constniction), or formtof 
■ppuratua for the preparation of ozoae from oxygen' (or air) by tho 
MlioD of alectricity, now usually coDBist of sheets of met&l — for Is- 
ttance, tinfoil— or a solution of eulpburic acid mixed irith chromic Mid, 
iic Mpan>t«d hy thin gloEisurfAces placed at short distances from each 
other, &ad between wUcb the oxygen or tur to be ozonised la introduced 
and eutuected to the action of a-sileot discharge.* Thus in Siemeni' 
ftppuntus (fig. 37) the exterior of the tuba a an8 the iuterfor of t&tt 




■ttibe h are coated with tinfuil and connected with the poles of a touroft 
of electricity (with the tenninala of a Ruhmkorff's coil). A edent dis- 
charge passes through tbo iliin ivalla of the gloss cylinders a and 8 • 

MKntB it ii dutrojod. Foi Iha action lo Iw oliurviilila ■ Ur^ enilice l> nMeuuy, onA 
aAWqufntlj * Kureo of cloclrlelly *l & high potenKd. For thia kmod [ha lUml di*' 
chuge i> b«l prodnocd 1>y * RohiskarS coil, u the moll C0ni«nlr>al mtun nl obUlBb( 
a OOiuidcmbU potcntlil of itUICHl altbuicilf hiUi tho smployuitol ot lbs aompanttnly 
iMbIs cumnt ot B Ktlvulc bftttor}. 

' v. SnAD'iajiparadiiwuoTiaollhsflnlcoDBtnictedrBiotoniilngoxntobrnwua 
at BiilcDl i]iKhiuge(uid it [■■lillonadlthflbctl]. Il ii eompoMd of > numbtr (tnaly 
wd mon) of long, thin ckpiUur gUu labea cloMd kt ona <nd. A plstlnnm win, M- 
Unding nloiig ttii>it dhole lougth, ii iDtroduoed lata tbo olhsr end of euh tubft mi IhlS 
«ii<] li thsn fusetl Dp couad tha wim, the tnd of whloh protnides oaUid* tiM loba. 
The protruding ond«oI the wiiu ire arranged alttnutelyta two lidiu iii auoh ■ ouiUMt 
Ihlt OQ oiie side there ue tiiti elo»od endi and tea virs*. A bnnoh of luoh Inbet {tMtf 
■houJd make > boneh ol not mots than 1 o.m. dlamatei] ii placed in t glois tube, OM 
the endaot the Hireiire cocneeled nilh two coDdDch]n,aDd*ro(uiodto thfODdaof ItM 
■nnounding tubs. Tho diaohorgs of a RubmkoTS ouil ii paned through thota aoda of J 
the wirot, and the drj tit or oiygan to be oioidaed [a puaed thniO^ the lubi 
oxTgen be puud thcottgh, oiona ii obtained <n large qutniiliet, auii Itbe (torn csii 
aitrogan, vhieh are partially tanned when olr a acted on. At low MfOfcntarea ok 
fOrmeil in Jargs qaaotilieo. Ai osone oeti on corka uid iDdl«.nftl»r, the tppartl&a 1 
abonld be made entirety of glaaa. With a poworfui Ruhmliorff coll ud forl> tubal IIm 1 
Mooation ia >o powerful IhM the g«C when passed thioUEh a. eolndlciii of Iodide of polok I 
dun not only «et> the lodiBo tiea,1i)it areu oiidliea it to potuaium iodnte, eo thai l» I 
■w miaDtsi the gu-oondaaUiw labkii choked up with cryitola ot the buoliibts lodal% J 
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over all their aarGices, and consequently, if oxygen be passed tLrough 
the apparatus by the tube, d, fused into the side of a, it will bo ozonised 
in the oniuilar spaco between a and b e. The ozosised oxygen eBCapes 
by the tube e, and may he introduced into any other apparatus.* 

The pTvpertiet <>f oxont obtained by sUch a method ' diatjogQuh ife 
in many respects from oxygen. Ozone very rapidly decolorises indigo, 
litmus, and many other dyes by oxididng diem. Silver is oxidised by 
it at the ordinary temperature, whilst oxygen Ja not able to oxidiso 
silver even at high temperatures [ a bright silver plate rapidly turna 
black (from oxidation) in oionLsed oxygen. It ta rapidly absorbed by 
mercury, forming oxide ; it tranaCorroa the lover oxides intohlgher — 
lor instance, aolphuroua anhydride into sulphurio, nitroua oxide into 
nitric, ftrsenioua anhydride (Ab,0)) into arsenio anhydride ( Afl,Oj) Ao,' 
But what is especially characterigtic In osone is the decomposing action 



•nd ut on. Otona. Al 
closed bf auJpliDho u 



wodIht vith vvf 0%\m ftpparftbas it it impoaubia to mkfc* 

', or nementi, tit,, becuiH thty ire Ihenaelvo" mdei on hj, 

raoit, iw wiM fint propoHd by Bnidie. be hermetiall} 

Id. irliioh I) nol uUd on b; Minis, TliDi, ■ dork ia puwd OTW 

* otor which a wide tube puHs to tbut the end of the fint ' ' 



piotnidfl* aboTB the eotk ; menjnty 1* Inl poured orer the oork (lo pteiBnt its being 
anted OD bj the aulpburio Sicid), uid then inlpburio acid im poured ov<r the taflKDry. 
The prolradiDg end of the Ant tuba » covered hj Iha lower and of ■ third tuba iauaeneA 
1n the lolpliaric aold. 

1 TliEmeLhod iiboie deKiibod la the 01U7 one whicb has bean well inveitieated. Tbs- 
admliinro of flitrogeo, or eion of hydiogea, ma eapeclallf of lilifon fluoride aj^pwr* to 
.aid the tonaatlon and preKirvatioD ol oione. Anumgal oUnc mclhudi tot preparing. 
Clone we maj mention the foIlAwin([ :— I. In the aistion ol oxygen on pho^hora* at tho 
ordinary lemperatnre a portion o! the oiygrai i> aonrmtad Oilo oions. Al Its ordinajy 
(eraperaiDre a itiak of phosi^onit. partially Immenad In water and partially in air in a 
Urge Elau leuel, eaoKi the air to acqalrs the odonr of oione. tt mu>i tUTther ba 
remarked thai if the air be left for long In contact wtlh On phoiphoiua, or wlthoal the 
praiesce of water, the oioDe formed ie deatroynd by the phoaphonu. B. By the action 
f>f intphniic acid on paioiide of barlan. II Uie (aUvr be ooiered wilh atrong lutphnrts 
•cid (the acid, il dilutsd with only onetenlb ol water, doea not gi^e otone), then tt a lot! 
laioperalnre the oiygen eyolied cobUIiu otone, and in ipuch greater quantitiea thaQ 
in thai OKme i> obtain^ by the action of electric spuki or phngpbonv, 1. Otone may 
alao be obtained by daooiDpDdng atrong rmlphorio acid by potaedma uunganale u. 
pecially with tbe addition ol batf am pemiide. 

OionelakeanptbehydKigB;i from hydfochloric acid ; chlonbe [a llbented. and cad 
diiiolve gold. Iodine i* diieotly oiidircd by oione, but not by ^rjgen. Anunonia. NHg, 
U Diidiaed by Clone inla aiauonlam nitrite (and. nitrate), aNHj4-Oi-NH,NO, + H,0, 
•nd IbBcelors a drop of anunoDia, on tailing iiito the gu, glvea a thick .cloud ot 
(ha aalla toTmed. Oione courerti lead oiide into pen»Ide, and anboiide of IhalUuin 
(which il coloniteiB} Into oiids (which ia brown), w that Ihia reaction la made oae ol tor 
delwling Iha preaanoe ol oione. Lead aulphido, Pb3 (black), ia oonTeited into nl> 
phate. PbSO, (eolowleia), by oione. A nentr*! eolutioD of mangaDeie aniphale girea a 

gallic acid, HUuO,. With reapect lo the oiidiibg action of otono on organlo anb> 
ttanoH. il may be mentioned Uiat with elber, C,H|,0. oeodo givea ethyl peroiide. whieb 
la oapabis ol dccompDtioK with eiploaion (according to Bectliclol), and i* decompoted by 
vitei into alcohol. SCiHgO, u>d hydn^au peroiide, HgO). 
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it exerts on potAtsittiD iodide. Oxygen does not act on it, bat oMnH 
passed into a solution of potassium iodide liberaUs iodine^ whilst th6 
potassium is obtained as caustic potash, which remains in Bolatton« 
3ElI+H)0+0&a2KHO-|- Ir As the presence of minute iracee of freei 
iodine may be discovered by means of starch paste, with which it forma 
a very dark blue-coloured substance, a mixture of potassium iodide withi 
•tarch paste will detect the presence of yery small traces of ozona^ 
Ozone is destroyed or converted into ordinary oxygen not onlj bj heal^ 
but also by long keeping, especially in the pmence of alkalis, peroxiddi 
of manganese, chlorine, &o. 

Hence ozone^ although it has the same campoiUion <u oxygen^ diflbrt 
from it in stability, and by the fact that it oxidises a number of sub- 
stances very enei^etically at the ordiiiary temperature. In this respect 
ozone resembles the oxygen of certain unstable compounds, or oxygen 
at the moment of its liberation.* ^ 

In ordinary oxygen and ozone we see an example of one and the 
same substance, in this case an element, appearing in two states. This 
indicates that the properties of a substance, and even of an element, 
may vary without its composition varying. Very many such cases 
are known. Such cases of a chemical transformation which determine 
a difference in the properties of one and the same element are termed 

* This reaction is the one usu&lly tt*de use of for detecting the pretenoe of ocone. 
In the nutjority of cams paper ie soaked in solutions of potassium iodide and ataroh. 
8uch OMonometrical or iodised starch^paper when damp turns blue in the presence of 
Clone, and the tint obtained varies considerably, according to the length of time it ie 
exposed and to the amount of ozone present. The amount of ozone in a given gas may 
even to a certain degree be judged by the shade of colour acquired by the paper, if pre* 
liminary tests be made. 

Test-paper for ozone is prepared in the following manner : — One gram of neutral 
potassiam iodide is dissolved in 100 grams of distilled water ; 10 grams of starch are 
then shaken up in the solution, and the mixture is boiled until the starch is converted 
into a Jelly. This jelly is then smeared over blotting-paper and left to dry. It motl 
always be remembered, however, that the colour of iodised starch paper is changed nol 
only by the action of ozone, but of many other oxidisers ; for example, by the oxides of 
nitrogen (especially NgOj) and hydrogen peroxide. Hottzeau proposed soaking comnion 
litmus-paper with a solution of potassium iodide, which in the presence of iodine would 
turn blue, owing to the formation of KHO. In order to determine if the blue colour ie 
not produced by an alkali (ammonia) in the gas, a portion of the paper is not soaked in 
the potassium iodide, but moistened with water; this portion will then also turn blue if 
ammonia be present. A reagent for distinguishing ozone from hydrogen peroxide with 
certainty is not known, and therefore these substances in very sn^all quantities (for is- 
atance, in the atmosphere) may eatily be confounded. Until recent years the mistake 
has frequently been made of aioribing the alteration of iodised starch-paper in the air 
to the presence of ozone ; at the present time there is reason to believe that it is moat 
often due to the presence of nitrous acid (Ilosva, 1889). 

• bit Fluorine (Chap. XL), acting upon water at .the ordinary temperature, tskes op 
the hydrogen, and evolves the oxygen in the form of ozone (Moitsan, 1889), and therefore 
the reaction must be ezprei^ed tbiit:«>-8H|Of8Ft>"0HF^O|. 
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8 ot iKunerigm. The cause of isomerism evidently lies deep within 
the essential conditions of a substance, and its investigation tios already 
led to a uamber of results of unexpected importance and of immense 
scientific significance. It is easj to understand the diOerence between 
substances containing difierent elements or the same nlemonts in 
different proportions. That a difi%rence should exist in tixea c&ses 
necessarilj follows, if, as our knowledge compels as, wa admit that 
there Is a radical difference in the simple bodies or elements. But 
when the composition — i.«. the quality end quantity — of the elementa 
in two substances b the same and yet their properties are different, 
tiien it becomes clear that thecooceptioos of diverse elcmeotsandof the 
varying composition of componnds, alone, are insufficient for the expres- 
sion of all the diversity of properties of matter in nature. Something 
elee, still more profound and internal than the composition of sub- 
stances, must, judging from isomerism, determine the properties and 
transformation of substances. 

On whntr are the iBomerism of ozone and oxygen, and the peculiari- 
ties of ozone, dependent 1 In what, besides the extra store of energy, 
which is one of the peculiarities of ozone, resides the cause of its 
difference from oxygen 1 These questions for long occupied the mindd 
of investigators, and were the motive for the most varied, exact, and 
accurate reaearcUoa, which were chiefiy directed to the study of the 
volumetric relations exhibited by oione. In order to acquaint the 
reader with the previous researches of this kind, 1 cite the following 
from a memoir by Soret, in the ' Transactions of the French Academy of 
Sciences' for 1866 

Our present knowledge of the volun 
expressed in the following manner 

1. " Ordinary oxygen in changing it 
electricity shows a diminution In vului 
Andrews and Tait, 

' 2. " In acting on ozonised oxygen with potassium iodide and other 
substances capable of being oxidised, we dt^stroy the ozone, but the 
volume of the gas remains unchanged." For theresearches of Andrews, 
8oret> v. Babo, and others showed that the proportion of ozonised 
oxygen absorbed by the potassium iodide is equal to the original con- 
traction of volume of the oxygen — that is, in the absorption of the oione 
the volume of the gas remains unchanged. From this it might bft 
Imagined that ozone, so to eay, does not occupy any space — is'indeQ* 
Ditely dense. 

' 3. " By tlie action ot heat ozonised oxygen increaaea in volam^ 
ftnd is transformed into ordiniugr oxygen. "Hum increue in volniN 



le may bo 



a under the action of 
lis was discovered by 
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corresponds with the quantity of ozonised oxygen which is given op Uh 
the potassium iodide in its decomposition " (the same observers). 

4. These unquestionable experimental results lead to the conclosion 
that oxone is denser than oxygen, and that in its oxidising action it 
gives off that portion of its substance to which is due its extra density 
distinguishing it from ordinary oxygen. 

If we imagine (says Weltzien) thai n volumes of ozone consist of n 
volumes of oxygen combined with m volumes of the same substance, and 
that ozone in oxidising gives up m volumes of oxygen and leaves n 
volumes of ordinary* oxygen gas, then all the above facts can be ex- 
plained ; otherwise it must be supposed that ozone is infinitely dense. 
'In order to determine the density of ozone ' (we again cite Soret) ' re- 
course cannot be had to the direct determination of the weight of a giveo 
volume of the gas, because ozone cannot be obtained in a pure state. It is 
always mixed with a very large quantity of oxygen. It was necessary, 
therefore, to have recourse to such substances as would absorb ozone 
without absorbing oxygen and without destroying the ozone. Then the 
density might be deduced from the decrease of volume produced in the 
gas by the action of this solvent in comparison with the quantity of 
oxygen given up to potassium iodide. Advantage must also be taken 
of the determination of the increase of volume produced by the action 
of heat on ozone, if the volume Occupied by the ozone before heating 
be known.' Soret found two such substances, turpentine and oil of 
cinnamon. ' Ozone disappears in the presence of turpentine. This is 
accompanied by the appearance of a dense vapour, which fills a vessel 
of small capacity (0*14 litre) to such an extent that it is impenetrable 
to direct solar-rays^ On leaving the vessel at rest, it is observed that 
the cloud of vapour settles ;- the clearing is first remarked at the upper 
portion of the vessel, and the brilliant colours of the rainbow are seen on 
the edge of a cloud of vapour.' Oil of cinnamon — that is, the volatile or 
essential oil of the well-known spice, cinnamon— gives under similar 
circumstances the same kind of vapours, but they are much less volu- 
minous. On measuring the gaseous volume before and after the action 
of both volatile oils, a considerable decrease is remarked. On applying 
all the necessary corrections (for the solubility of oxygen in the oily 
liquids named above, for the tension of their vapour, for thd <^hange of 
pressure, 6ic.) and making a series of comparative determinations, Soret 
obtained the following result : two volumes of ozone capable of being dis^ 
solved, wheu changed to ok'dinary (by heating a wire to a red-heat by a 
galvanic current) increase by one volume^ Hence it is evident that in 
the formation of ozone three volumes of oxygen give two voluinei of 
^^ne^-that is, its density (referred to bydrogen)a824. 
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The oleervations and detertitiniLtioiis of Soret showed that c 
is heavier than oxygen, and even than carbonic anhydride (becau 
b»)iii»ed oxygen posseti through fine orificea more slowly than oxygen 
and than its mixtures with carbonic anhydride), although lighter than 
chlorine (it flows more rapidly through such oriScea than chlorine), and 
they indicated that owns ii one jinJa AoJ/'finiM driuer than oxygtn, 
which may be expressed by designating a molecule o[ oxygpn by O^ 
and of ozone by Oj, and hence ozone OOj is comparable with compound 
iubatancce' formed by oxygen, as for instance COj, 80,, NO,, ito. 
This explains ihe chief differences between ozone and oxygen and tJi» 
cause of the lEomerism, and at the same time leads one to expect '" 
that ozone, being a gas which u deiiser than oxygen, would be liquefied 
much more easily. This was actually shown to be the case in 18S0, by 
Chappuii and Hautefenille in their researches on the ph^nml propertitl 
tjfototte. Its boiling point undera pressure of 760 mm. is about— 106", 
and consequently compressed and refrigerated ozone when rapidly ex- 
panded forms drops, i.e. is liquefied. Liquid and compressed " oaone b 

* Oune if, » (o aj, »ii okidfl of oxjf eu, jDnt ai «»ter it ui oxida of hydngen. Jptt 
u iquMUi Tftpcmr [■ compoHil ot two volumgi of liyJiogea uid one Totoine of ot]^g«u, 
vbich on combiniDg omdanw Into two Tolamsi of >qa«aai vipour, ao also tvo Tolumci 
ot oifgeo m combiued in oioilB irilh odb volums of oijgen tO gim two ralnmei ol 
Oione- Id (la ution of o»nv on diflarant aDbitencen it ii only Ui&b lulditiona) portlos 
ol iu molHuIa by which it diflgn Iroin oriinuy oiygea thil conblpet niUi othai bodltii. 
und tbut i> why, under Ihaw drciui»Uiic«>> Uia vatuine of the oionlaed oiygan do» not 
chuge. Stutiii; witli Iwo TOlamM ot ounw, oiu-thiid of id weight ii puted with, 
and two volgin*i ol olygan nnuiiL 

The (bota Dbaarvalioni ot Sural on tha capacity of tnipantina tea diiiaJTiiig oiona, 
tagelhar with ScbBtibein'* rinarchw on tba (onulioa at oiona in Uie oxiditiou of tur- 
pentine and of linular ToUtils TegetabU oili (entering ialo Iha compoailion at pet/utim), 
(lao eiplaln the acUon of thia ethereal oil on a great many iDbilaneia. II is InowD thai 
torpantitH oil, whan miiad with many labitaDCea, promotea thaii oitdation. In thit 
CMS It probably not only ilaelC pTDmolei the tonuatioa of oione. but also diaaolTee owne 
frMD the atmoaphare, sod thai aoqoirea Ihe property of oiidieing many anbatanoiM, It 
Ueacbe* Un«n and «orh, doeoloriiea Ehdigo, promotea the. oiidttion and hudeoing ol 
boOad linaasd qil, iK. Theie piopartlee ol tnrprntinc oil an) isade oia ot in prutic*. 
tHity linen snd nuii stained maleriala are euily cleaned by Inrpanline, not only beoanta 
It diuolTM tba greaH, but alubecsuN it oiidiuail. The sdmlitnreof tuipentina irith 
drying (b«ilea) oil, nl-colDDn, and Itea ^da their r>^d drying becanaa it attract) oione. 
Tatiooi oH) occnnin; in planta, uid entering into the compoiition of perfntnea und 
etftafo aceul eitncti, uJio aot aaoildiaert. They act in the tame manner a* oil o[ tuc- 
penline and oil ef ciantman. Thla pethape eiplaina the tefreabing bfloence they liare 
In icenta and other almilar preparatlona, and alto Ihe aalnbrity of the air of pine (oreat). 
Water npon which a layer ol tnrpanlioe oil bw been poured uqiliroa, when left tlandiiig 
in the tight, the dltinfecting and oiidiilng piopertiea la general ot oionlied tuipenline 
(ii tliia dne to the fonnatJon ol BgO| 1). 

19 The denieit, moat ecmplei, and bearleit putidei ot m&tlcr ihoold, undct equl 
eonditiona, evidently be leas upable Ot putiog into a itate ot gaaeoua motion, aboaU 
sooner attain a llgntd aisle, sndhare a gienter eoheaiie fon». 

" The bloe culoor proper lo otone may be aeen Uiroogh a lube one metre Icng, SIM 
vHh oxygen, containing 10 ii.0. ol umtf. Ihs deniilj of liquid Dtona hu not, ao bl 
u I am aware, be^i determined. 
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blue. In dissolving in water ozone partly passes into ozjgen. It 
explodes violently when suddenly compressed and heated, changing into 
ordinary oxygen and evolving, like all explosive substances,** that extra 
heat which distinguishes it from oxygen. 

Thus, judging by what has been said above, ozone should be formed 
in nature not only in the many processes of oxidation which go on, but 
also by the condensation of atmospheric oxygen. The significance of 
ozone in nature has often arrested the attention of observers. There is 
a series of ozonomotrical observations which show the different amounts 
of ozone in the air at different localities, at different times of the year» 
and under different circumstances. But the observations made in this 
direction cannot be considered as sufficiently exact, because the methods 
in use for determining ozone were not quite accurate. It is however 
indisputable *' that the amount of ozone in the atmosphere is subject to 
variation ; that the air of dwellings contains no ozone (it disappears in 
oxidising organic matter) ; that the air of fields and forests always con- 
tains ozone, or substances (peroxide of hydrogen) which act like it (on 
iodised starch paper d:c.)^^ ^ ; that the amount of ozone increases after 
storms ; and that miasms, &c., are destroyed by ozonising the atmo- 
•sphere. It easily oxidises organic substances, and miasms are produced 
by organic substances and the germs of organisms, all Of which are easily 
changed and oxidised. Indeed, many miasms— for instance, the volatile 
substance of decomposing organisms — are clearly destroyed or changed 
not only hy ozone, but also by many other powerfully oxidising substanoeSi 
such as chlorine water, potassium permanganate, and the like.*^ All 
that is now known respecting the presence of ozone in the air may be 

>* All explosive bodies and mixtures (gunpowder, deionAting gas, &c.) evolve heat ia 
exploding — thai is, the reactions which accompany explosions are exotliermal. In this 
manner ozone in decomposing evolves latent heat, although generally heat is absorbed 
in decomposition. This shows the meaning and cause of explosion. 

*' In Paris it has been found that the further from the centre of the town the greater 
the amount of ozone in the air. The reason of this is evident : in a city there are many 
conditions for the destruction of ozone. This is why we distinguish country aic as being 
Iresh. In spring the air contains more ozone than in autumn ; the air of fields more than 
the air of towns. 

IS bia xhe question of the presence of ozone in the air has not yet been fully elud- 
dated, as those reactions by which ozone is generally detected are also common to nitrous 
add (and its ammonia salt). Dosvay de Hosva (1889), in order to exclude the influence 
of such bodies, passed air through a 40 per cent, solution of oaustio soda, and then 
through a 20 per cent, solution of sulphuric acid (these SQlutions do not destroy ozone), 
and tested the air thus purified for the presence of ozone. As no ozone was then 
detected the author concludes that all the effects which were formerly ascribed to ozone 
should be refened to nitrous acid. But this conclusion requires more careful verifioa- 
tioa, since the researches of Prof. Schonbein on the presence of peroxide of hydrogen in 
the atmosphere. 

^ The oxidising action of ozone may be taken advantage of for technical purposes ; 
for Instance, for destroying colooring matters. It baa even been employed for bleaoliiog 
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sammed up in the following words : A amall qaantity of an oxidiiing 
eabstance, resembliog otone in ita roactiooB, has undoubted!; been 
observed and detormined in the atmosphere, especially in fresh air, for 
instance after a storm, and it is very likely that this Bubatance contains 
a mixture ef such Oxidising substances as ozone,,peroxide of hydrogen, 
and the lover oxides of nitrogen (especially nitrous acid and itaammoDla 
valt) produced from the elements of the atmusphere by oxidation and 
by the action of electrical discharges. 

Thus in ozone we Gee (1) the capacity of elements (and it must be 
all the more marked in compounds) of changing in properties witliout 
altering in composition ; this ia termed Isomerism ) " (2) the capacity 
of certain elementa for condensing themselves into moleculesof different 
densities ; this forms a special case of isomerism called polj/merUm ; 
(3) the capacity of oxygon for appearing in a still more active and 
energetic chemical state than that in which it occurs In ordinary 
gaseous oxygen ; and (4) the formation of unstable equilibria, or 
chemical ' states, which are illustrated both by the esse with which 
oione acts as an oxidiser and by its capacity for decomposing with 
explosion,'* 

Bydrogen ptroxide. — Many of those properties which we have aeen 
in ozone belong also to a peculiar substance containing oxygen and 
hydrogen and called hydrogen peroxide or oxygenated water. Thia 
Bubstanco was discovered in 1818 by Th&ard. When healed it ia 
decomposed into water and oxygen, evolving as much oxygen as is 
contained in the water remaining after the decomposition. That 
portion of oxygen by which hydrogen peroxide differs from wator be- 
haves in a number of cases just like the active oxygen in ozone, which 
distinguishes it from ordinary oxygen. In HgO,, and In 0|, one atom 
of oxygen acts as a powerful oxidiser, and on separating out it 
leaves H,0 or Og, which do not act so energetically, although they 
still contain oxygen." Both H,OandO, contain the oxygen in a com- 
pressed state, so to speak, and when freed from pressure by the force* 
(internal) of the elements in another substance, this oxygen is easily 
evolved.and therefore acts as oxygen does at the momentof ita liberation. 
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peroxides of certain meUls, especially those of putassium, calcium, and 
bBrium.'" Wasaw when speaking of 0.tygen(ChRp. Ili.) that it Ib only 
necessary to heat the anhydrous oiiide of barium to a red heat in a 
current of air or oxygen (or, better stiU, to heat it with potassium 
chlorate, and then to wash away the potassium chloride formed) lo ob- 
tain peroxide of barium." Barium peroxide gives hydrogen peroxide 
by the action of acids In the cold." The process of decomposition is 
very clear in this case ', the hydrogen of the acid replaces the barium 
of the peroxide, a barium salt of the acid being formed, while the 
hydrogen peroxide formed In the reaction remains in solution." 
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The HLation will DoDtaiu not only the compound of the bufuni peroxide, hul alio a 
eonponnd of the btriuui oiide itull.B cerUin quuilityof whioh alwiyi remuue nninini- 
fcioed with oiygon. The Mid componndi of tha peroiida ud oxide of buiam ere euily 
diatinguiahabte by their etOibJlity. The peroxide givee ua unAt*b7e nmpound, mnd tha 
oxide ■ tUbte ull. By adding an iqueoua tolntion ol buium Diide to th» reaoltiuit 

pore iqaeoiie componnd |KnuriIo9. 1BS9, obtained the ume reiult by uldio^ en eiceu 
of BaO,}. The bit portiou at tlw piwi(riUto will cmubt of ivpuritiei— for inituce. 
Diide of iron. The buium pemiide then upuktei out, ud ia ooUecled on a Alter 
uid waehed ; it f ornia a HDbitanDe bnving a definite t^mpoeition, BaOi^EIgO, uid li rery 
puts. Pore hydrogen peroxide ihould ^waja be piEpued brom >uch poriSed bannm 
peroxide. 

" In the cold, itrong aulpboric acid with buium peroxide givee oione ; when diluted 
with a eertain amount ot water it givea otygeD (see Note 6), and hydrogen pamiide ii 
only obtained by the action o( very weak Bulphurio acid. Hydrochloric, hydrofluoric, 
cubonic,and bydroailicoflnorio acida, end othen, when diluted with water alio give 
hydrogen peroxide with barium peroxide. Profeaaor Scboue. who very carefully iuveati- 
gated hydrogen peroxide, ahowed that it ii formed by Uie action of many of the abaiTA. 
menlioiied acida on barium peroxide. In preparing peroxide of hydrogen by meana ol 
aolpbatic acid, the solDtion mutt be kept cold. A aolution of maiimum concentration 
nay be obtained by anoceaeire ttMlmenta with lulphuric acid ot increasing alrgngth. 

may b« obtainod (V. KoDrilotl] 

" With the raajorily ol acida, that laltof barium whicbiitarmed remaina in eolutioa; 
IbUB. tor iaetaDCo, by employing hydrochloric acid, hydrogen peroxide and barium chloride 
(nnain in aolution. Complicated proceaaea would be tequired to obtain 
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•Uncesin a state of fine division show a much quicker action thfin com- 
pact mMses, frotn which it is evident that the action is here based on 
contact (we Introduction). It ia sufficient to bring hydrogen peroxide 
into contact with chnrcoal, gold, the peroxide of manganese or lead, tlie 
alkalis, metallic silver, and platinum, to bring about the above decou- 
position.'^ Besides which, hydrogen peroxide forma water and parta 
«ith its oxygen with great ease to a number of substances which are 
capable of being oxidised or of combining with oxygen, and in this re- 
spect is very like ozone and other poiivr/ul uxidisrrg.'^ To the class of 
contact phenomena, which are so cbarocleristio of hydrogen peroxide as a 
substance which is ubstable and easily decomposable with the evolution 
of heal, must be referred the following — that in the presence of many 
substances containing oxygen it evolves, not only its own oxygen, but 
also that of the Eubstanoes which are brought into contact with it — that 
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ProlHlor Scbgne, of Uw Falioflatry Acmdtmj, 
aa* ot faTdTDgen paroEidfl vhich previout];^ won 
lunred that witb hjdrogflo pennude, iJkkJis givi 
pooniM* oi uw MWiuia OMUi*, wbud wmbEne witb tbe nnuininB bydrogen peioiid*, 
farming DDitibla coiDpouDda wbieh sr* Mail J dwooipowd, and lher«rore ilkitii ennwa 
deoomponng (cstnl jtio) '■""■""■■ aa BlBtbnia ol bjdngen poraiids. OiJ j nciil lolDtiaoa 
cl fardiDgan puoiitl*, ind (hcD oalj dilute o&e*. ou be |ii«wi ted vaU. 

K HydrogtH peroiiiU, u ■ *ab>tur<e tonUining maeh oiygen 'nunel;'. lA puti to 
one pert bj weight ol hydragen), eihibiLe mvij oridUing raictioru. Xhaa, it (uddieae 
ancnie, caOTaftK Uma into calciom peroxide, the oxidea of rioo and copper inlo paroiidei i 
it perlfl with iti oiygan to ipany aulpbide*, converting them into nlphalaa, £c. Bo, for 
tumpto, it convert! black load aulpbide, PbS, Into while lead inlphate, PbBOf, oopper 
■olphideiaki copper lalphita. and so on. The railnrmtion ol old oil paintioge bj bydrogea 
petoiiila ia baaed on tliii nclion. Oilcolout* are uioallj admiied with white Iced, and in 
manr CM«a the oolonr of oilpainli beccmea darker In prooeH M lime. Thi> ia paillj 
due to the lalpbareltad fajrdrogen coDtained in the air, which asta ou white lead, 
fonninglcad aulphide, which iibladi. The intermixtuiq ol the blaob oolonr darken a Ihs 
real, la cleaning a pictaro with a lolutioB of hydrogen paroiide.the block lead iglpliido 
la conrerM into white aotphate, and tbe coloun biighlon owing ti the diaeppearancfl 
of the black anbaUnn which pievioualy darkened them. Hydrogen peroxide oxidiaea 
with particular energy imbaUncoB containljig bydiogen and oepablo of eoaily parting 
with it to oxldiung aidjttancca. Tboa it deoompoaea faydriodio aoid, aetting the iodino 
free and conveiling tha bydrogan it eooUini inlo water ; it alao deoompoKB aolphuattod 
hydrogen ui exactly the Huna manner, HtliDg the lolpbiu f»e. Sluih pMto witb 
patatiium iodide i> nul, bowever, diractly caloatad by peroxide of hydrogen in the enlir* 
abacDMolflM aeida; bal tbe addilion of a anall qDUiliiy of iron aolphale (green Titriol] 
or of had MatMa lo lb* niiitan ia eDOOgh In aniiiely blaekan the paaU. Tbia is f nrr 
Mn^tiv* nfM (t«t) tor garcoida ol l>7diQ|«D, like Iha taat wiUi.<Aiemic add and 
•lb>(MlM«»). 
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is, it aeU in a reducing manner. It bdiaves thus with ozone, t^ 
oxides of silver, mercury, gold and platinum, and lead peroxide. The 
oxygen in these substances is not stable, and therefore the feeble 
influence of contact is enough to destroy its position. Hydrogen per- 
oxide, especially in a concentrated form, in contact with these substancest 
evolves an immense quantity of oxygen^ so that an explosion takes 
place and an exceedingly powerful evolution of heat is observed if 
hydrogen peroxide in a concentrated form be made U> drop upon 
these substances in dry powder. Slow decomposition also proceeds in 
dilute solutions.*^ 

Just as a whole series of metallic compounds, and especially the 
oxides and their hydrates, correspond with water, so also there ait) 
many substances analogous to hydrogen peroxide. Thus, for instance, 
calcium peroxide is related to hydrogen peroxide in exactly the same 
vay as calcium oxide or lime is related to water. In both cases the 
hydrogen is replaced by a metal — namely, by calcium.'^ *>*» But it is 
most important to remark that the nearest approach to the properties 
of hydrogen peroxide is afforded by a non-metallic element, chlorine ; 

'^ To explain the pheoomencm/^a hypothesis h&s been put forward by Brodie, Claaaia», 
and Schdnbein which sapposes ordinary oxygen to be an electrically neatral substanoe, 
oomposed, to to speak, of two electrically opposite kinds of oxygen — positive and nega- 
tive. It is supposed that hydrogen peroxide contains one kind of such polar oxygen, 
whilst in the oxides of the above-named metals the oxygen is of opposite polarity. It is 
aupposed that in the oxides of the metals the oxygen is electro>negative, and in hydiogaa 
peroxide electro-positive, and that on the mutual contact of these ynbstancea ordinary 
neutral oxygen is evolved as a consequence of the mutual attraction of the oxygens c^ 
jopposite polarity. Brodie admits the polarity of oxygen in combination, but not in an 
ancombined state, whilst Schonbein supposes uncombined oxygen to be polar also, eoo- 
tidering osone as electro-negative oxygen. The supposition that the oxygen of oaone is 
different from that of hydrogen peroxide is contradicted by the fact that in acting on bariam 
peroxide strong sulphuric acid forms ozone, and dilute acid forms hydrogen peroxide. 

^^^* It should be mentioned that SchilofI (1898) on taking a 8 per cent, eolation off 
HfOf, adding soda to it, and then extracting the peroxide of hydrogen from the mixtaro 
by shaking it with ether, obtained a 60 per cent, solution of H^Oj, which, althongb 
perfectly free from otheir acids, gave a distinctly acid reaction with litmua And htm 
attention should first of all be turned to the fact that the peroxides of the metals ootra- 
apond to H2O3, like salts to an acid, for instance, Na^Oa and BaO^, &c. Furthermore, it 
must be remembered that O is an analogue of 9 (Chapters XV. and XX.), and sulphur 
gives H9S, H3SO3, and H38O4. And sulphurous acid, H4SO5, is unstable as a hydrata, 
and gives water and the anhydride 80^. If the sulphur be replaced by oxygen, than 
instead of H^SOj and SO2, we have H3OO3 and OO}. The latter is ozone, while the aalt 
Ks04 (peroxide of potassium) corresponds to the hydrate H^O^ as to an acid. And 
between H3O and H3O4 there may exist intermediate acid compounds, the first of whioh 
would be HjOj, in which, from analogy to the sulphur compounds, one would expect acid 
properties. Besides whioh we may mention that for sulphur, besides HaS (which is a 
feeble acid), HaSg, H]8s, H285 4tre known. Thus in many respects H3O3 offers points of 
resemblance to acid compounds, and as regards its qualitative (reactive) analogies, it not 
only resembles NsgOg, BaO|, &o., but also persnlphuric acid HSO4 (to which the an* 
hydride &%0f corresponds) and CVfOr, &c., whioh will be subsequently described. 
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Ita Mtion on coI»uruig mattei-s, iU capacity for oxidiEing, and for 
evolving oxygen Irom maiiy oxides, is analogOQ* to that exhibited by 
hydrogen -peroxide. Eveo, the vpry formation of chlorine is duselj 
anaiogoua to the formation of peroxide of hydrogen ; chlorine it 
obtained from manganue peroxide, MnO,, and hydrochloric acid, HCl, 
and hydrogen peroxide from bariam peroxide, BaO„ and the lame 
acid. The result in one case is essentially water, chlorine, an4 
manganese chloride ; and in the other case bariam chloride and hydro- 
gen peroxide are prodaced. Hence water+chlorine correEponda with 
hydrogen peroxide, and the action of chlorine in the presence of wat«t 
is analogous to the action of hydrogen peroxide. This analogy between 
chlorine and hydrogen peroxide is expressed in the conception of an 
aqueous radicle, which (Chapter III.) has been already mentioned, 
Thii aqueoua radicle {or hydroxy!) ia that which la left from water if 
it be imagined as deprived of half of its hydrogen. According to t\UM 
method of expression, caustic soda will be a compound of sodium wiih 
the aqueous radicle, because it is formed from water with the evolution 
of half the hydrogen. This is expressed by the following formulie ■ 
water, H,0, caustic soda, NaHO, just as hydrochloric acid is HCl and 
sodium chloride NaCI. Hence the aqueous radicle HO is a compoond 
radicle, just as chlorine, CI, is a simple radicle. They both give hydro- 
gen componnds, HHO, wat«r, and HCl, hydrochloric acid ; Eodiom 
compounds, NaHO and NaCl, and a whole series of analogous com- 
pounds. Free chlorine in this sense will be CICI, and hydrogeo 
peroxide HOHO, which indeed expresses its composition, because it 
contains twice as much oxygen as water does." 

Thus in ozone and hydrogen peroxide we see examples of very 
unstable, easily decomposable (by time, spontaneously, and on contact) 
substances, full of tbe energy necessary for change," "' capable of being 
easily reconstituted (in this case decomposing with the evolution ot 
heat) ; they are therefore examples of untiaite chtmieal equilibria. If 
m substance exists, it signifies that it already presents a certain form 
of equilibrium between those elements of which it is built up. But 



" Tmbdumi »Dd C»iTM» (ism) iljowfflj by delefininiDB Iho depreBHioa (liH of th« 
tdipeTmlons ol the toniutiDii ol ice, Chsplan L and VU.) tbM th« molsculE of pcrotid* 
dI hjdtogca umUini H,Oj, ud not HO or H,0,. 

■*'■'' Ths loner oildet of nitrogeii »nd chlorine «nd Ihr higher oiidfaol mutglsoM 
an dio formed with the Abaoiptioix of heat, vid thertfore. like h^droEon peroxide, acl ut 
■ pomrfully oiidiain; manner, sod mre not fonn&d bj the aame methoda aa ttio majoritj 
ol olber oiidea. It ii eridnit that, b«og s&dowed with a richer ilors of mergj (aa<]Uired 
in aaabiuUoD or b; ftbMT]itioii of heal), •neb inbilaaftea, oaspued with othen poorsr 
la tatrgj, will uUbit » gnMm dimBlj of catea of chonucol actiini aritb other solh 
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or solidity.'' 

Besides this, hTdrogen peroxide preeents another side of the 
subject which is not l«s important^ and b miidb clearer and more 



Hjdrogeo unites with oxygen in two degrees of oxidation : water 
or hydrogen oxide, and oxygenated water or hydrogen peroxide ; for a 
given quantity oC hydrogen, the peroxide contains twice as mnch oxygen 
as does water. This is a fresh example confirming the oorrectness of 
the law of multiple proportions, to which we hsTe already referred in 
■p>^Ving of the water of crystallisation of salts. We can now forma- 
late this law^^A« /oir of muliipU praportiofu. If tun ntbsiaf%e$$ A and 
B (eiiktr timpU or compound^ uniu together to form eeveral compounder 
AJB^^ A^Br . . . ., tken having expreseed the eompoeitione of all theee 
eompounde in euch a way that the quantity (by weight or volume) of one 
of the component parts will be a constant quantity A, it will be observed 
that in all the compounds AB«, AB| . . , . the quantities of the other 
component part, B, will always be in commensurable relation : generally 
in simple multiple proportion^that is, that a: b . . .^ or m/n is to r/q 
as whole numbers^for instance cu 2 : 3 or 3 : 4. . . . 

The analysis of water shows that in 100 parts by weight it contains 
11*112 parts by weight of bydrog^ and 88*888 of oxygen, and the 
analysis of peroxide of hydrogen shows that it contains 94*112 parts of 
oxygen to 5*888 parts of hydrogen* In this the analysis is expressed, 

* If the point of sapport of a body Um in A Tertacftl lin« Mow th« oentrt of gnTity, 
H it in tmtUble equilibriam. If the oentr* of grarity liet bek>w the point of ftQppoci, 
lb* ttait of equilibriam is rttj stable, and a ribration in«j take place about this poii* 
tion ol stable equilibriam, as in a pendulum or balance, when finally the body seaoDes 
a position of stable equilibrium. But if, keeping to the same mechanioal example^ 
Ihe body be supported not on a point, in the geometrical sense of the word, but oa a 
mmII plane, then the state of unstable equilibrium may be preserred, unless d ee Uoj td 
by external influences. Thus a man stands upright supported on the plioie, or eereni 
points of the surfaces of his feet, having the centre of gravity above the points .of suppocV 
Vibration is then possible, but it is limited, otherwise on passing outside the limit of 
possible equilibrium another more stable position is attained about which vibratioa 
becomes more possible. A prism immersed in water may have several more or less stabls 
positions of equilibrium. The same is also true with the atoms in molecules. 8omft 
molecules preeent a state of mors stable equilibrium than others. Hence from this simple 
comparison it will be at once evident that the stability of molecules may vary considerabl j,, 
that one and the same elements, taken in the same number, may give isomerides of dif- 
ferent stability, and, lastly, that there may exitt sti^s of equilibria which are so unstable, 
-lo ephemeral, that they will only arise under particularly special conditions — such, for 
example, as certain hydrates mentioned in the first chapter {tee Notes 67, 67, and others). 
And if in one case the instability of a given state of equilibrium is expressed by its 
instebility with a chimge of temperature or physical state, then in other teees it ie 
eixpressed by the feolity with which it deoompoiie under the iafloenoe of oonteot or oC 
the chemioel infineuee of other enbttsnotSi 
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M anoljGes generally Are, in percentages ; that is, it gives the ninouDts 
of the elements ia a hundreU parts by weight of the substance. The 
direct comparison of tde percentage compositions of water and hydro- 
gen peroxide does not give any simple relation. But such a relation is 
immediately apparent if we calculate the composition of water and of 
hydrogen peroxide, having taken either the quantity of oxygen or the 
qaantity of hydrogen as a constant quantity — for instance, as unity. 
The most simple proportions show that in water there are contained 
eight parts of oxygen toonepart of hydrogen, and in hydrogen peroxide 
sixteen parts o£ oxygen to one part of hydrogen ; or one-eighth part of 
hydrogen in water and one-aixteenth part of hydrogen in hydrogen 
peroxide to one part of oxygen. Naturally, the analysis does not give 
these figures with absolute exactness — it gives them within a certain 
degree of error — but they approximate, as the error diminishes, to that 
limit which ia here given. The comparison of the quantities of hydro- 
gen and oxygen in the two substonceu above named, taking one of the 
components as a constant quantity, gives an example of the application 
of the law of multiple proportions, because water contains eight parts 
and hydrogen peroxide sixteen parts of oxygen to one part of hydrogeu, 
and these figures are commensurable and are in the simple proportion of 
.1 :2. 

An exactly similar multiple proportion is observed in the com- 
pocition of all other well -investigated definite chemical compounds, '" 

** When, tor etuopla, mj elemcDt lonat Hventl oiidea, they uo aabjoct to the Uw 
of mnltiplD proportioDi. For ft givta qiualitj of the noo-mot&l oe metkl tho quuitit^ei 
ol ofTgSD In (be iiBenai iegnw of oiidntioa will tUmi u 1 : a, ot ii I : S. or u ■ ^ S, 
or w S ; 7, ruid » on. Tbns, foi iaitunce, coppn combinea «itb oxygen Is at leHt two 
pnportiona, fonmng the oudei fautid hi DAtaro, uid cilled the aobokide utA the oiido 
of oopper, CojO ud CdO ; the otids conuini lwi« u mnoh oitE'd ■b '^ suboxide. 
Leid &lio pieienti two deffreu of oiiditicD, tha oiida ud peroxide, and in thv Ult«r 
there ia tirice u inn<ih oxygen aa in the foimer. PbO and PbOi- When a. taH and an 
■cid are capable ol laming aersreJ kinda of atlM. normal, aeid, baeic, and uibydro-, it i* 
found that they alia oleuly exemplily Che law of multiple pTOjiortioni. Thii wae domon- 

Bnt chapter that ulEa >bow diflerent degrees of cambination with water of cryitaUiaation, 
and UiAt they obey the Uw ol moltiple proportion!. And, more than thii, the indeflnito 
ehemieal oomponndi exirting ai nlutioaa nay. as we uw in the aame ehapter, be broughl 
nndat the Uw ol multiple proportioni by the hfpotbeaia that eololiooa are nnitabis 
faydnlsa tonnad aecoiding to the Uw ol moltipla propnrtiani, bat ooeiuruig in * alala ol 
diiwwlalioD. By meiuu of Uui hypotheiii the U« ol mnltl^ proportioni beooiDe* lUtl 
more gsDeial,»ad all the aapectaol chemical oompottada an nbjesl to it. TbadiresUoa 
d the whole oaDtampDrary atata ol chemiatry wai determiBad by the ditearaTiea al 
Lkioliiei and thklton. By endeavouilug to prora that In aolotfone we have mthbig elw 
than tha liinld picducU ol the diiiociation of deflnile hydratea, it la ray aim to bring lUo 
Uiia category ol indafliiita oomponnda under the gaaetal principle cnoooialed by Dalton t 
n hav» ^acoiand a ptool and not a negation ol the Uwa ol H«wton In 
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awi idnwigfem dk» lawr rf aaitipte pnniiiif»nw 9 
MtlM 4Ur;uK( p«M&s from wiiidb. <)dwr 

The !««r o< maltipU ptoportioBi vm di juiPciMl 
0I ishin "vsntairj hy loha Ikfos, of Yim fw imr in 
Mmpo«nHft tii carbon with bydrofen. Is « p pa—a d 
eiMipiHuulii of ciMie ■nhtinrfi ifiioh gi% CE^ and 
C^n eiMUUiizi for 'Mie aaci che iame rpaaaitf of hpin^B* 
4)1 ^rfyui which ^caad in moiciple pri3portia& ; xuuDd^, 
contaiAn r«Uci'7<i7 half u mndi carfaon aa nifthMt 
analTm ^1 that time vaa aot exact, Kill dw meeaxmef of thai 
n«y^ia«yi by Iialtoo, waa farther eaafinned by mare 
pAiOnsL On eacahTishin^ the law of mmtxpZe prapartioB% IXiIfian. ptrm 
a hyp<»th<t«ral <3planatu» for it. This erplanatifnn ia 
ae<mic fhAfwrj f>i matter. Ia £act, the !aw of innlTip?e 
be v^ry ^mUj azui«intood by aiimigtfng the atomic itnigtor e of 

The ^avwTu*^ of the atomic theory xa that matter ia Attpy oae d ta» 
awt of an a(^!/'/meration of uoall ami indiviiible 
<i^# not fiU op the whole ipace oecopied by a sabatance, bvt 
from ea^h oth^T, %^ the sun, pUnetii, and itars do not fill up the whole 
$i^A ol the rsr.i^^rse, hut are at a dUtance from each other. The form 
and pr^ipertie* of Kuhfttanc^ are determixied by the poaitkin of their 
atomn in Apace and by their atate of motion, whilst the rcactiona ae-> 
e//Tr*pliAh^/! \ij tabtitAnc^i are imderstood aa rediatnbntions of the 
relative pfAitlonn of atoma and changea in their motion. The atoaie 
r^reviTitat ion of matUrr arose in very ancient timea»'' and up to 




^* T^A^K.tf'pn4, TM-mocritqi, And itv^pntcixllj Locretias, ia tZi« rlmi-nT 
•^nt^l mAt^Af M mA/l« qp of atom« — tb»t i<i, of p«ru incap*bl« of further dirb 
f(fifiiht-\r\f ^\ ,rt»i^A%>hAAy fii w.fa An iiidau«iU6n, &« well M the oodcIosud* vhich 
4/-'lri//'l h/ l>ia «rtr,>^7it At//mi«tfi frcui their fond»mental propoftitioiu» pccrvnted oUmt 
pliil/>v/f>h/-r4 fr'/Tn tolU/wing thftm, aod the atomic doctzine, like rery maay o(h«ik Ured, 
without Utri(( ratified lyj fa«i, in the imaginatioiu ol Ua foUovers. Between the j eee ent 
tArntuf. iht-ofj imd the doctrine of the abo^e- named ancient philoeofilien there is 
hatfiftll/ a rtfttifM hintryrical connection, ae between the doctrine of Pythecone and 
i>f\i^trttf '14, Kilt th^y are «*Mrntia]ly different. For as the atom ia indirisiUe, not in the 
fH»vnmt-%t\* « I «Utrv.t v^n m, bot only in a pbyiical and chemical aense. It would be better 
Ut fail th'* h*j,um iri'li Visible individual*. The Greek atom » the Latin indiTidnal, both 
a/y:orrlirif( it, a,/. i-iymfAi^j an/1 original iiente of the words, bat in coarse of time these two 
mftttU havfi u* /|rjjr<d a flifT^f^nt meaninff. The individoal is mechanically and geometrically 
divi«ibli^, and only twhvinih\t) in a Kjwcial sense. The earth, the san, a man or a fly are 
Individuals, hUh'/nnh K<}om<;trir;a]ly diriHiblc. Thos the 'atoms ' of contempotary science, 
lndiirl»ibl<i in a t:}ii:mu-s.\ utmM, form those units with which we are concerned in the in- 
irfiiili|{ation of tho natural phenomena of matter, jast as a man is an indirisible onit ia 
IKa iriv«*stij(ati'in of sfx.ial relations, or as the stars, planets, and luminaries senre ae units in 
Mtroii/miy. TliQ formation of the vortex hypothesis, in which, as we shall afterwards see^ 
alfmis are entire whirls mechanically complex, although phy)|ic6-chemically indirisible, 
elearly shows that the sciontiAc men of our time in holding to the atomic theovy hara 
•nly borrowtd'the word and form of e xpr sie l on from the ancient philosophere^ aad not tba 
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ttntes was at variance with the dynamical hypothesda, which conBidern 
matter as-only a manifestation of forcea. At the present time, how- 
ever, the majority of scientific men uphold the Atooiit; hypothesis. 



CB o( their I 



tc doctriae. It is erroneous to imsgine thut the cnnUmiKirivT con- 
ceplioaa of thr atomiats arc nothing but the repviitioti of tho metiLphydciJ reoinniinfA 
of (he inDients. To thow the true usuiiDg of the KtoDUEm of the alKieat philosophert, ud 
Ibo [iiofaooil difference belwean Iheir points of rugament anij Ihose of coiitf loporur 
men of Kiene*, I ciCe the folloviDg tiuidusontiU protwsitioBii of Democriliu (B.C. 4T0- 
Beo) tt the b«t eipoundor of the atomic docLcino of the uicienta :— (1) Nothing on 
proceed from nothing, nothing that existn can tliiippeu or bo destroyed (and henc* 
DWtter), wd ereiT cbiogeonly conaiili ol ■ combination or Hpunlion. {3) Nothing ia 
aoeidcDtal, (here ia a leuon and neoeuity for everything. (8) All except alomi and 

((HID, conititute the visible nniremi by theii tnotion, impccl, and roniequent re- 
Tolling motion. (5) The variety of objecU depends only npon a diHeience la the 
nomber, forni, luid order of the atoms ol which thsy are (ornied, and not upon a qoali- 
tativo difsrence of Iheir atoms, which onlj act npon each other by pressare and impact. 
(e) Tha spirit, like fire, oonaiitt of minote, apberiFsl, smooth, and verj mobile and all- 
pcnelrating atom), whose motion (onns the phenomenon of life. Thne Democritiau, 
Cbieflj metaphysical, principtos of atomixm are so eisentially diSerent from the prin- 
ciples of the pTUent atomic doctrine, which is eiclusivel; applied to explaining the phe- 
nomena of the eitemal world, that il may be utctnl to mention Ihe euenca of tho 
•tomio propoBitiont of Boacovilch, a Slav irho liied in (be middle ol the eighUwnUi 
c«DtiU7, and who is regarded as Ihe foonder ol the modern atoraio doctrines which, 
however, did not take hold upon the minds al scientific men, and were rarely applied 
prior to Dalton— i.e. until tho beginning 9I Ihe nineteenth eenluty. The doctrine ol 
Boscovilch WIS enancisted by him in 17£S-)7et in his ' PMtoiofhiie itaturalia theoria 
nducla nd wnicnni Itgem ririum in nalura tiUlenlium,' Bosconilcb considera 
matter lo be composed of atoms, and the atoms to tie the points or centres of lorces (just 
M the atueand planets may bo considered ai points of apace), aeting betwoen bodies and 
their parts. Tbeu foreea vary with the distance, so that beyond a certain very amati 
distance all alomt, and hence also their aggregilea, are Bltracled according lo Kewlou'a 
law, but at loss distances, Ibers slteraale wave-like epbares ut gradually decreaaingr 
atlractioD and increasing (as the distance deareaies)repal>ion, until at last at aminimom 
dlttano* only the repellent action remains. Atoms, ibciefore. cannot merge into essh 
other, CoDs«quenl1y, the atoms arc held at a ccrlain distance from each other, and 
therefore occupy space. Boscovltch oomparea the sphere ol repulsion tturaunding Uw 
atams to the spheres of action ol firing of a detachment of soldiers.' According 
■o his doctrine, atoms are indestructible, do not merge into eacli other, have niaia, 
are everlasting and mobile ondei the action of the forcea proper to Ihcm. Harwell 
rightly calls this hypolhesia the ' extreme ' among Ihosa existing to eiplaia matter, but 
many aspects of Doieovileh's doctrine repeat Ihemselves in the tlen of our day, with 
thia essential diflercnce, that inatead of a mathematical point funiithed with tha pro- 
perties ol maiB, the atoms are endowed with a corpaislily, juit as the slan and plaoeta 
an corporal, although in certalta' aspects ol their interaction they may be regarded 
as Buthematical pointe. In my opinion, the atomism of our day must Srit ol all 
be regarded merely as a convenient method for llie iovestigalion of ponderable 



euccession ol right lines, hccaas 
under investigation 






isthod ei 



entiflc man applie 






subjed 



eory as u method Ot 



e always will be, who apply reality lo imagination, 



dwnld acknowledge the great aa 



I* rooderad by the atomic doctrine to all sc 



218 PRINCIPLES OF CHEMISTRY 

although the present conception of an atom is quite different from that 
of the ancient philosophers. An atom at the present day is regarded 
rather as an individual or unit which is indivisible by physicaP' and 
chemical forces, whilst the atom of the ancients was actually mechanically 
and geometrically indivisible. When Dalton(lS04) discovered the law 
of multiple proportions, he pronounced himself in favour of the atomic 
doctrine, because it enables this law to be very easily understood. If 
the divisibility of every element has a limit, namely the atom, then the 
atoms of elements are the extreme limits of all divisibility, and if they 
differ from each other in their nature, the formation of a compound 
from elementary matter must consist in the aggregation of several 
different atoms into one whole or system of atoms, now termed 
particles or molecules. As atoms can only combine in their entire 
masses, it is evident that not only the law of definite composition, but 
also that of multiple proportions, must apply to the combination of 
atoms with one another ; for one atom of a substance can combine 
with one, two; or three atoms of another substance, or in general one, 
two, three atoms of one substance are able to combine with one, two^ 
or three atoms of another; this being the essence of the law of 
multiple proportions. Chemical and physical data are very well ex- 
plained by the aid of the atomic theory. The displacement of one 
element by another follows the law of equivalency. In this case one 
or several atoms of a given element take the place of one or several 
Atoms of another element in its compounds. The atoms of different 
substances can be mixed together in the same sense as sand can be 
mixed with clay. They do not unite into one whole — i.e. there is not 
a perfect blending in the one or other case, but only a juxtapodtion, a 
homogeneous whole being formed from individual parts. This is the 
first and most simple method of applying the atomic theory to the ex* 
planation ot chemical phenomena.'^ 

which, while it has been euentiAlly independently dereloped, is, if it be desired to 
ndnoe &I1 ideas to the doctrines of the uicients, » onion of the ancient dynamical and 
atomic doctrines. 

^ Dalton and many of his saooessors distinguished the atoms of elements and com- 
pounds, in which they clearly symbolised the difference of their opinion from the repre- 
Bsntations of the ancients. Now only the individuals of (he elements, indivisible by 
physical and chemical forces, are termed atoms, and the individuals of compounds in- 
divisible under physical changes are termed molecules ; these are divisible into atoms by 
chemical forces. 

*' In the present condition of science, either the atomic^r the dynamical hypothesis 
is inevitably obliged to admit the existence of an invisible and imperceptible motion ia 
matter, without which it is impossible to understand either light or heat, or gaseous 
pressure, or any of the mechanical, physical, or chemical phenomena. The anoientt 
•aw vital motion in animals only, but to us the smallest particle of matter, endued with 
•il •foa, or energy in some degroe or other, is inoomprshensible without self •stislsai 
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A certain namber of atoms n at an element A in combining with 
several fttoms m of another element B give a compound A. B„ each 

inMion. Thus motioD hai become i. coDuptian inupusblr knit iriUi the lOiusptioti 
of mkttoi, uid tbii hu prepared the ground tor the reviTii of the djnutuuJ bypoUiBii* 
of thi> comlitulton of nutter, la the ftloniio theory then h^a ^Aea that geooritlifluig 
[deft bj which the world of atoroA ia oonHtructAd, kke tha universe or hokTofdj bodiei, - 
with ita euuB, pUnett^ ud metcort^ todvod vith eveitfteting force of motion, Cocraing 
moLflcalet u the he^Tenly bodiea form pyit^ma, bk<t the loUr ijgtem, which raoleculo* 
kra only rolfttitely iodiviaibJe in the Auue wjtj u the pJuifitt of the soUr lyHtem are 
intepuable, and itable and Uitiog ai the tolu- iTitinn il luting. Sooh a repFHeuta- 
tion, without neOBBBitating the abaolnte indiviaihility of atomB, Btpreaaea all that acieDce 
4411 reqoiro for an hjpothatical rapretentation of th« oonatitvtioa of matter. In closer 
proiimity to the dytLamiod bjpotbeua of the ojaadtDtioa of matter ia the ofl.tbliea 
r«Tired vortex hypotheait. Deicartea flnt endeavoored to raiae it ; Helmholtc and 
"nioiiuon (Lord Kelvin) gave it a fuller aod mors modem tann -, manj acieDtifio men 
■PpUed it to pbysica and chetniBtry, The idea of vorlel rmga Hrrei a( the aUiting 
point of thiB hypothaaia; theH are f a rn ili ar to all aa the ringa of tobacoo amoke, and 
may be BfttHcially obtained by giving a sharp blow to the lideB of a cardboard box 
liaving a circular ori6ce and filled VLtb amoke- Phoiphuietted hydrogen, aa we ahall 
BAB later on, when hobbling from water alwayi givea very perfect vortei rioga in a atifl 

aiee, and to notice the atability the ringe poaaeu in their motion of tranalation. ^li* 
unehangeablo mau, endoed with a rapid Internal motion, i* likened to the atom. lu a 
mediDm deprived of friotioB, ancb a ring, a* ia ahown by theoretical coniiderationa of the 
■ubject from a meclLanical point of view, would be perpetual and unchaogeahle. The ringa 
are capable of grouping togethor, and in oombloing, wilhont beiog abeolulely indiviaible, 
remain indiviaible. The vorlei hypotheaie ha* been ettabliihed in out timea, bnt il haa 
not been fully dBveloped ; ila application to chemical phenomena ia Dot clear, ahhough 
not impoBaible -, it dova not aaliafy a doubt in reapect to the nature of the apace eiiating 
between the ringa <juat aa it ia not clear what ciiata belween atooii, and between the 
planela), neither doea it leU ui what ia the nalnie of the moving tubBtance at the ring, 
and therefore for the preaent it only preaentB the germ of an h}^thetical conception of 
the eonititution of matter; coniequenlly, I couider that il would be auperflooua to 
apeak of it in greater detail. However, the thonghts ot inieatigatorii are now (and 
naturally will he in the fuljui}, a> they were in (he tune of Dalton, often turned to the 
qneation of the limitation of the mechanical diviiion ot matter, and the alomiata have 
aeaidud for an ananer in ths moat divarae aph^rea ot nature, I aelect one of the 
metboda attempted, which doea not in any way refer to chemlatty. in order to >haw how 
eloeely all the provincea of natural acience are bound together. WoUaaton propobeil the 
inveetigatioo ot the almoiphrre of llu hsovanly bodia aa a means lor confirming the 

thcongbDul the entire apace of tbe heavena aa it ertend* all over the earth by ila elaiticily 
and diflnaion. It the infinite diviaibihty of matter be admitted, it ia impoiaible that any 
roitian ot the whole apace ol Uie ouiverae can be entirely void of the oompooent parte of 
our atmoaphere. But it matter be difiaihle up to a certain limit only.— namely, op to the 
atom— then tbero can tsitl a heavenly body «oid ot an atmoaphere ; and if aoch a body 
ba diBoorered. it woolS aerve aa an important factor for the acceptation of the validity ot 
the atomic doctrine. th» moon haa long been conaiderod aa ench a luminary aod thie 
cireuraatanoo, eepecially from iU proxinuty to the earth, haa been <7ited aa (he beat proof 
ef (Le validity at the atomic doolrine. Thia proof ia apparently (Poiaaon) deprived of 
aome of ila force from the poaiibility ot the tranaformaCion of ihe component parla of 
our atmoBphcro into a aolid or liquid aUte at immenaa heighu above tbe earth'a larfaea, 
irhere the temperaturo ii exceedingly low ^ ba( a teriea of reaearchcB (Pouilletl has ahown 
that Ihe (empenlare of (he heavenly apace ia comparatively not ao very low. and ii 
maana, ao that at the low eiiating pnoon the liqaetaclioD 
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molecule of which vill contain the atoma of the cleinenU A and B in 
this ratio, iknd therefore the compoand will preMnt b definiu eompotition, 

of the gime9 of the Ktmovpliero cmnnot b« «tpect«l e* 
ftb*«iM of in ftbno<plwr« ftboul thfl nuxm, if it w«n 
cooBMd u > (oidbla pmol ol the atonk tb«*y. A> 
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■nd than »re ticn lucta in >UEt eontndictian to it, bj 
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Un with obHTvUloni on the nHua of tba 
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mreflod even if it ponaia on obvmUa deullir *t tbe (nthn. Xnowins tbe 
UicmoaD lobe dgbtf-two tim«I«* Uun Uia niMa ol tba auth, m tn able todelsmiiM 
•pproiinulelj thn* oat almoaplien at Iha moon'* nHtca vonld be aboat tmntr- 
etght tioHw lighter Hum It ■• on the oarlh, lUid eoBwqnently at the reiy nirfae* of tb« 
moon tho nliKtioD of light by the lour atnioiidien) moit bs vecy ilight, and al th* 
^ighta ol the lunar moDnt^i it mnit be imporeeiitibte, and woold be l«t irilhin tha 
limlli of oiperinMntal mor. Theretora tlie abmcB of retraction of light at the edjo of 
the moon'* diaa eaonol jet be urged in tayoot of Um abaenoe of a ~ 
31iere ii eren ■ teriei of obaemtiani obliging oa la admit the etiile 
([ihere. Theie reaaarchai an due to Sir John Henchel. Thii iawhathe writci; 'Iltwa 
often been remarktfA that dnr^ng the scHpae of a etar bj the moon there ocean a peculiar 
optical illDiion ; it lecinii u it the atar before ditappeaHog puied over the edge of the 
moon and la aaen Ihrongh the lunar diai?, aomctiniei lor a rather long period ol tinw. t 
tOTaoU hare obacrved tbli phenomenon, and it has been witnetied by perfectly troat- 
urorthy obnerron. I aecribe it to optical iUqaioo, bat it muit be admitted that the tUr 
might hare twon teen on tho lunar diac throngh aonie deep ravine on the moon.' Oeniller, 
in Belgium (less). loUoning the flpinion of Caaaini, Eiler, and otben, gave an eiiilaiM- 

tha lunar monnlaini which ocrui on the edge of the Innar diac. In fact, althongh thaae 
Talleji do not probabiy proaent the tonn of itraight ravine!, ynt it may aooietinMa 
happen that tho light ol a atar ii lo refracted that ita irnige miglit be leea. notwilb- 
atanding tho abuoce ol a direct path for the Ugbt-rayi. Be then goes on to reinart 
(bat the dsoiity of the Innar atmoephere mnet be *aiiaUe in dilfemnt part*, oirins to 
the very long nigbta on the moon. On the dark, or non-iUnminated portion, owing (0 
tbeio long nighta, whieblattthirteaDotoaidayB and nighta, there mnit be eiceaalve cold, 
and hence a denaer atmoaiihar*, whila, on the contraiy, on the ijlnininated portion Um 
-atnoaphiiro mnit be mach more rueflad. Thii variation in the temperaCnre ol tba 
diflerent pari* of the mooa'a enifaoe eiplauia alio the abacnce of dooda, notwithatandinc 
(hopoaiiblo preaonoe of air and aqtteona vaponr, on the visible portion ol the moon. The 
pvaenoe of an atmoaphere roond tba bud and planeta, judging from antronomicaJ obaerr^ 
tlona. nuy be ooaiidered ai fnlly proved. On Jupiter and Har* oven bande ol oloodl 

which a mntlieaatieiau omptoya when be btealia up ■ continnani eorvili 
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expreawd by the fonnula A,B„. where A and B arc the weights ot tho 
atom* and n and m their relative number. If the same elements A 
and B, in addition to A^B^, also yield another compound A,B,. then 
by espressing the composition of tbe first compound by A„B_, (and thi» 
is the same composition as A,B„), and of the second compound by 
A„B^, we have tlie law of multiple proportions, because for a given 
quantity of the first element, A„, there occur quantities of the second 
element bearing the same ratio to each other aa nir is to 911 j and 
^ ">. ''• 9i Old 1 are whole numbers, their products are also whole 
numbers, and (his is expressed by the law of inuitiple proportion 
Consequently the atomic theory is in accordance with and evokes the 
first laws of definite chemical compounds : the law of definite conipou- 
tion and the law of multiple proportions. 

So, also, is the relation of the atomic theory to the third law of de- 
finite chemical compounds, the law of rtciprocal eombinint/ tceighit, 
which is 03 follows :^If a certain weight of a substance C combine 
with a weight a of a substance A, and with a weight i of a subitanoe 
B, then, also, the substances A and B will combine together in quanti- 
ties a and b (or in multiples of them). This sliould be the cose from 
the conception of atoms. Let A, B, and C be the weights of the atoms 
of the three substances, and for simplicity of reasoning suppose that 
cooibinntion takes place between single atoms. It is evident that if 
the substance gives AC and BC, then the substances A and B will 
pve a compound AB, or their multiple, A.B^. And eo it is in reality 

Sulphur combines with hydrogen and with oxygen. Sulphuretted 
hydrogen contains thirty.two parts by weight of sulphur to two parts 
by weight of hydrogen ; this is expressed by the fonnula H^S. Sul- 
phur dioxide, SO,, contains thirty -two parts of sulphur and thirty -two 
parts of oxygen, and therefore we conclude, from the law of combining 
weights, that oxygen and hydrogen will combine, in the proportion of 
two ports of hydrogen and thirty-two parts of oxygen, or multiple 
numbers of them. And we have seen this to be the case. Hydrogen 
peroxide contains thirty-two parts of oxygen, and water sixteen parts, 
to two parts of hydrogen ; and so it is in all other cases, This con- 
sequence of the atomic theory is in accordance with nature, with tbo 
remit* of analysis, and is one of the most important laws of chemistry. 
It is a taw, becanoe it indicatee the rtlalion betvxen the weights of 
subetADces entering into chemical combination. Further, it it kq 

ooiDbet ol Btnigbt tiaeL There i* • aimpticity ot repnientcliaii in ■lami, bnl Ihera la 
DO tbwlDls iw«eautr >o lisve nconrH to tbem. Tba conceplioQ ot tbe indiridtuliijr it 
tb« laiU ol mitttei eibibited in dksmkol clanusu onlj i* aeteiwr; ud Inutwgfttij. 
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eminently exact law, and not an approximate one^ The law of com* 
bining weights is a law of nature^ and by no means an hypothesis, for 
even if the entire theory of atoms be refuted, still the laws of moltlpla! 
proportions and of oombining weights will remain, inasmuch as thtf 
deal with facts. They may be guessed at from the sense of the atomioi 
theory, and historically the law of oombining weights is intimately 
connected with this theory ; but they are not identical, but only 
connected, with it The law of combining weights is formulated with 
great ease^ and is an immediate consequence of the atomic theory ; 
without it, it is even difficult to understand. Data for its erolutioii 
existed previously, but it was not formulated until those data were in« 
terpreted by the atomic theory, an hypothesis which up to the present 
time has contradicted neither experiment nor fact, and is useful and 
of general application. Such is the nature of hypotheses. They are 
indispensable to science ; they bestow an order and simplicity whu^ 
are difficultly attainable without their aid. The whole liistory of 
science is a proof of this. And therefore it may be truly said that it 
is better to bold to an hypothesis which may afterwards prove untrue^ 
than to have none at all. Hypotheses facilitate scientific work and 
render it consistent. In the search for truth, like the plough of the 
husbandman, they help forward the work of the labourer. 
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CHAPTER V 

SITBOOBN AND AIB 

Oasbous nitrogen forms about four-6fth8 (by volame) of the atmo* 
sphere ; consequently the air contains au exceedingly large mass of it. 
Whilst entering in so considerable a quantity into the composition of 
air, nitrogen does not seem to play any active part in the atmosphere, 
the chemical action of which is mainly dependent on the oxygen it con* 
tains. But this is not an entirely correct idea, because animal life 
cannot exist in pure oxygen, in which animals pass into an abnormal 
state and die; and the nitrogen of the air, although slowly, forms 
diverse compounds, many of which play a most important part in 
nature, especially in the life of organisms. However, neither plants ^ 
nor €uumals directly absorb the nitrogen of the air, bat take it up 
from already prepared nitrogenous compounds ; further, plants are 
nourished by the nitrogenous substances contained in the soil and 
water, and animals by the nitrogenous substances contained in plants 
and in other animals. Atmospheric electricity is capable of aiding the 
passage of gaseous nitrogen into nitrogenous compounds, aa we shall 
afterwards see, and the resultant substances are carried to the soil 
by rain, where they serve for the nourishment of plants. Plentiful 
harvests, fine crops of hay, vigorous growth of trees— other conditions 
being equal — are only obtained when the soil contains readi/ prepared 
nitrogenous compounder consisting either of those which occur in air 
and water, or of the residues of the decomposition of other plants or 
animals (as in manure). The nitrogenous substances contained in 
animals have their origin in those substances which are formed in 
plants. Thus the nitrogen of the atmosphere is the origin of all the 
nitrogenous substances occurring in animals and plants, although not 
directly so, but after first combining with the other elements of air. 

The nitrogenous compounds which enter into the composition of plants 
and animals are of primary importance ; no vegetable or animal cell — that 
is, the elementary form of organism— exists without containing a nitro* 

» 8m Noie IS ^. 
♦11 
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genous sabstanoe, and moreover organic life manifests itself primarily 
in these nitrogenous substances. The germs, seeds, and those parts bj 
which cells multiplj themselves abound in nitrogenous substances ; the 
sum total of the phenomena which are proper to organisms depend 
primarily on the chemical properties of the nitrogenous substances which 
enter into their composition. It will be sufficient, for instance^ to point 
out the fact that vegetable and animal organisms, clearly distinguish- 
able as such, are characterised by a different degree of energy in their 
nature, and at the same time by a difference in the amount of nitro- 
genous substances they contain. In plants, which compared with 
animals possess but little activity, being incapable of independent 
movement, (Src, the amount of nitrogen is very much less than 
in animals, whose tissues are almost exclusively formed of nitro- 
genous substances. It is remarkable that the nitrogenous parts of 
plants, chiefly of the lower orders, sometimes present both forms and 
properties which approach to those of animal organisms ; for example, 
the zoospores of seaweeds, or those parts by means of which the latter 
multiply themselves. These zoospores on leaving the seaweed in many 
respects resemble the lower orders of animal life, having, like the latter, 
the property of moving. They also approach the animal kingdom in 
their composition, their outer coating containing nitrogenous matter. 
Directly the zoospore becomes covered with that non -nitrogenous or 
cellular coating which is proper to all the ordinary cells of plants, it 
loses all resemblance to an animal organism and becomes a small plant. 
It may be thought from this that the cause of the difference in the 
vital processes of animals and plants is the different amount o£ nitroge- 
nous substances they contain. The nitrogenous substances which occur 
in plants and animals appertain to a series of exceedingly complex 
and very changeable chemical compounds ; their elementary composi- 
tion alone shows this ; besides nitrogen, they contain carbon, hydrogen, 
oxygen, and sulphur. Being distinguished by a very great instability 
under many conditions in which other compounds remain unchanged, 
these substances are titted for those perpetual changes which form the 
first condition of vital activity. These complex and changeable nitro- 
genous substances of the organism are called proteid substances. The 
white of eggs is a familiar example of such a substanrte. They are also 
contained in the flesh of animals, the curdy elements of milk, the 
glutinous matter of wheaten flour, or so-called gluten, which forms the 
chief component of macaroni, ^. 

Nitrogen occurs in the earth's crust, in compounds either forming 
the remains of plants and animals, or derived from the nitrogen of the 
atmosphere as a consequence of its combination with the other ooa* 
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ponent pnrts of the nir. It is not found in other forms in th« eftrtb's 
crust ; so that nitrogen must be conridered, in contradiitinction to 
oxygen, as on element which is purely superfictal, and does not extend 
to the depths of the earth.' <''■ 

Jfitrogen U liberated in 9. tree stftte in the deeomposition of the 
nivrogenout organic $iihttaneta entering into the composition of 
orgaoiams— for instance, on their combustion. All organic substance* 
bum when heated to redness with oxjgen (or substtutces readily yield- 
ing it, aach OS oxide of copper) ; the oxygen combines with the carbon, 
■ulphnr, and hydrogen, and the nitrogen is evolved in a free Btat«, 
because at a high temperature it does Dot form any stablo compound, 
but remains uncombined. Carbouio anhydride and water aro formed 
from the carbon and hydrogen retpeotively, and therefore to obtain pure 
nitrogen it is necessary to remove the carbonic anhydride from tho 
gaseous products obtained. This may be done very enBity by the action 
of alkalis— for instance, caustic soda. Tho amount of nitrogen in 
oiganie substances is determined by a method founded on this. 

It is also very easy to obtain nitrogen from air, because oxygen 
combines with many substances. Either phosphorus or metallio copper 
is usually employed for removing ihe oxygen from air, but, naturally, 
a number of other substances may also be used. If a small saucer on 
which a piece of pboaphoru* is laid be placed on a cork Jloatisg on 
water, and the phosphorus be lighted, and the whole covered with a 
glass bell jar, then tho air under tho jar will be deprived of its oxygen, 
and nitrogen only will remain, owing to which, on cooling, the water 
will rise to a certain extent in the bell jar. The same object (procuring 
nitrogen from air) is attuned much more conveniently and perfectly 
by passing air through a red-hot tube containing copper filings. At » 
red heat, metallic copper combines with oxygen and gives a btaok 
powder of copper oxide If the layer of copper be suIHciently long and 
the current of air slow, all the oxygen will bo absorbed, and nitrogen 
alone will pass from the tube.' 

■ *>• The nuoa why there are no other nitrogonoiu «ib«tiui«ea irithia ths culh'a 
mfcM bcTood Uioae which haTs conui IhcK with the remiUiu of orgiuiiAniii, imd from Lho 
ait will) nio-wnWr, mut b« loolncl tor in two eiionnuUDcei. In the Bnt pl■o^ in the 
tulibililx ol maaj nitiognuiu onopoiuids, vbkta are li*b)« to bmkk Dp witb Uu (otma- 
lioD at gtceooa niln^ea ; and is Ih* iwand [Jue in the tut (hat Iha alU ol nitiia loifl, 
aodoel ot tho k«tion ol oic on mtaj nitnganaiu 



M) giie Up thor oxygen. The remit of the obaoge* ol the nitrogsDOae ar^aie 
M wliieb tell into tb« Mrlh it wftboot donbt treqaenUy, it not inniliUy, Um 
il t^tetna oilrogaa. Thai tho gn erolied from coal elwaiyi ooataini nnoli 
a (togelhv with muili gu, cubonia uthjdhdd, mid other E*Ha1. 
* Ooppar (be*l h tnmuva, irhlefa pmenl ■ luge veattai) ibbitbe oxygen, lonDiag 
ClOt«t the oidinuy (empantwe in Um pnwDoe at edntincu of acida. or, bgUer Mill, ia 
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Nitrogen maj also be procured from many of itp eompound$ teiih 
oxygen^ and hydrogen^* bat the best fitted for this purpose is a saline 
mixture containing, on the one hand, a compound of nitrogen with 
oxygen, termed nitrous anhydride, N^Oj, and on the other hand, 
ammonia, NH3 — that is, a compound of nitrogen with hydrogen. By 
heating such a mixture, the oxygen of the nitrous anhydride combines 
with the hydrogen of the ammonia, forming water, and gaseous nitrogen 
is evolved, 2NHa + Nj03 = 3H,0 + N4. Nitrogen is procured by 
this method in the following manner : — A solution of caustic potash is 
saturated with nitrous anhydride, by which means potassium nitrite is 
formed. On the other hand, a solution of hydrochloric acid saturated 
with ammonia is prepared ; a saline substance called sal-ammoniac, 
NH4CI, is tbuR formed in the solution. The two solutions thus pre- 
pared are mixed together and heated. Reaction takes place according 
to the equation KNO, + NH^Cl = KCl + 2H2O + Nj. This reaction 
proceeds in virtue of the fact that potassium nitrite and ammonium 
chloride are salts which, on interchanging their metals, give potassium 
chloride and ammonium nitrite, NH4NO2, which breaks up into water 
and nitrogen. This reaction does not take place without the aid of 
heat, but it proceeds very easily at a moderate temperature. Of the 
resultant substances, the nitrogen only is gaseous. Pure nitrogen may 
be obtained by drying the resultant gas and passing it through a solu- 
tion of sulphuric acid (to absorb a certain quantity of ammonia which 
is evolved in the reaction).* *>*• 

the presence of a solation of ammonia, crhen it forms a bloish-violet solotion of oxide 
of copper in ammonia. Nitrogen is very easily procured by this method. A flask filled 
with copper tamings is closed with a cork furnished with a funnel and stopcock. A 
■olotion of ammonia is poured into the funnel, and caused to drop slowly upon the 
copper If at the same time a current of air be slowly passed through the flask (from a 
gasholder), then all the oxygen will be absorbed from it and the nitrogen will pass from 
the flask. It should be washed with water to retain any ammonia thai may be carried 
off with it 

' The oxygen compounds of nitrogen (for example, N3O, NO, NO^) are decompoaed 
at a red heat by themselves, and under the action of red-hot copper, iron, sodium, &c., 
they give up their oxygen to the metals, leaving the nitrogen free. According to Meyer 
and Langer (1886), nitrous oxide, N^O, decomposes below 900°, although not completely 

* Chlorine and bromine (in excess), as well as blenching powder (hypochlorites), taka 
up the hydrogen from ammonia, NHj, leaving nitrogen. Nitrogen is best procured from 
ammonia by the action of a solution of sodium hypobromite on solid sal-ammoniac. 

* bto Ijord Rayleigh in 1894, when determining the weight of a volume of carefully 
pnrified nitrogen by weighing it in one and the same globe, found that the gas obtained 
from air, by the action of incandescent copper (or iron or by removing the oxygen by 
ferrous oxide) was always ^ heavier than the nitrogen obtained from its compounds, 
for instance, from the oxide or suboxide of nitrogen, decomposed by incandescent pal- 
▼erulent iron or from the ammonia salt of nitrous acid. For the nitrogen procured from 
air, he obtained, at 0° and 760*4 nmi. pressure, a weight » 2*810 grms., while for the 
nitrogen obtained from its compoondt, 2*399 grms. This difference of about f^^ could 
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Nitrogen !■ a gaseons nibstancd which <loee not differ much in 
phfsicat properties from nir ; its density, referred ti> hydrogen, la 
approzimAtelf equal to H — that is, it is slightly lighter than &ir, its 
density referred to air being 0-972 ; one litre of nitrc^n weighs 1'2B7 
gram. Nitrogen mixed with oxygen, which is slightly heavier thkD 
air, forms air. It is & ga« which, like oxygen and hydrogen, ja 
liqaeGed with dilBcnlty, and is but little soluble in water and other 
liquids. Its absolute boiling point' b about — UO" ; above this 
temperature it ia not liquefiable by pressore, and at lower tempera- 
tures it remains a gas at a preesare of GO atmospheres. Liquid 
nitrogen boils at — 193°, so that it toay be employed as a source of 
great cold. At about — 303°, in vaporising under a decrease of pres- 
sure, nitrogen solidifies into a colourless STiow-liko moss, Nitrogen 
does not bum,**" does not support combustion, is not absorbed by any 
of the reagents used in gas analysis, at least at the ordinary tempera- 
ture — in a word, it presents a whole series of negative chemiool 
properties ; this is expressed by saying that this element bos no enei^ 
for combination. Although it is capable of forming compounds both 
with oxygen and hydrogen as well aa with carbon, yet these com* 
pounds are only formed under particular circumstances, to which we 
will directly turn our attention. At a red heat nitrogen combines 
with boron, titauium, and silicon, barium, magnesium, ix., forming 
very stable nitrogenous compounds,* whoso properties ore entirely 
diSerent from those of nilrdgen with hydrogen, oxygen and carbon. 
However, the combination of nitrogen with carbon, although it does 
not take place directly between the elements at a red heat, yet proceeds 
with comparative ease by heating a mixture of charcoal with on 
ollcaline carbonate, especially potassium carbonate or barium carbonate, 



Dal b« eipUined bji Uie nitrogen doI having b«ea wsU pniiasJ, o 

perimanl, uiil wu the meiuiB Inc tlie Kiuukable diBCorei? ol the preceuce ol * bMTj 

gu in air, vhich *i11 be mentioned in Note 16 ''>■. 

• See Chepler U. Note ». 

* The (wmbinttioD at baron with nilmgen ia kcoompuiied by the erolotion ol auffl. 
cieot te&l to ruts the diiub to rednen ; lituunm Munbiau lo eaiilj oith nitrogea tbil it 
I* dilBcDlt (a obtain it [r#e Erom Ih&t element ; mlgoMium etBily abeorbs nitcogen el a 
nd but. II ia ■ THDUrkable ud ioBlmclire tact that theae componndt of nitrogea are 
veiT stable and non-vohitile. Carbon (C " U) with nitrogen gWee cyanogen, C]N,, which 
le gaaooba and very nnelabte, and irhoae molecinle ia not large, vhiht boron (B^ll} 
turta* a nitrogenoni oemponnd which ia bolid, non.volatile, and very Btable. Ita oornpo- 
iition, BN, ii amilu to that of cyani^en, bol iU moleculiir weight, B.N.. Is 
probably greater. Ita compoiilion. like that ot N]Ug,, NNa^ NjBg, and of many of 
the metallio nitddea, oorreipanda to amnunia with the eabatitulion ot all ita bydroges 
by a metal In my opinion, a detailed alody o( tlw tnnslonoationa ol the nitridea uo^ 
known, ahonld lead to the diaoovery at many tula In the hialaiy ol oitiagBii. 
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to redness, carbo-niirides or cyanides of the metals being formed ; fbr 
instance, K,CX>, + 40 + K|Jb 2KCN + SCO.' 

I^itrogen is found with oxygen in the idr, bat th^ do not readily 
combine. Cavendish, however, in the last centuxy, showed thai 
nitroffin comh%ne$ with oxygen ufider lAs it|/fiMncs qf a smtt qf eUctrie 
tparka. Electric sparks in passing through a moist* mixture of nitro- 
gen and oxygen cause these elements to combine, forming reddish- 
brown fumes of oxides of nitrogen,* which form nitric acid»'^ NHO^.* 
The presence of the latter is easily recognised, not (mly from its 
reddening litmus paper, but also from its acting as a powerful oxidiser 
even of mercury. Conditions similar to these occur in nature, during a 

* This reaction, to far as is known, does not proceed beyond a certain limit, probably 
because cyanogen, CN, itself breaks op into carbon and nitrogen. 

* Fr^my and Becqnerel took dry air, and observed the formation of brown raponrs of 
oxides of nitrogen on the passage of sparks. 

* If a mixture of one volume of nitrogen and fourteen volumes of hydrogen be burnt, 
lb«n water and a considerable quantity of nitric acid are formed. It may be partly due 
to this that a certain quantity of nitric acid is produced in the slow oxidation of nitro-, 
genous substances in an excess of air. This is especially facilitated by the presence ol 
an alkali with which the nitric acid formed can combine. If a galvanic current be passed 
through water containing the nitrogen and oxygen of the air in solution, then the hydro- 
gen and oxygen sot free combine with the nitrogen, forming ammonia and nitric acid. 

When copper is oxidised at the expense of the air at the ordinary temperature in t3^ 
presence of ammonia, oxygen is absorbed, not only for combination with the copper, but 
also for the formation of nitric acid. 

The combination of nitrogen with oxygon, even, for example, by the action of electrio 
sparks, is not accompanied by an explosion or rapid combination, as in the action of » 
•park on a mixture of oxygen and hydrogen. This is explained by the fact that heat it 
not evolved in the combination of nitrogen with oxygen, but is absorbed— <m expenditure 
of energy is required, there is no evolution of energy. In fact, there will not be tho 
transmission of heat from particle to particle which occurs in the explosion of deto- 
nating gas. Each spark will aid the formation, of a certain quantity of the compound 
of oxygen and nitrogen, but will not excite the same in the neighbouring particles. In 
other words, the combination of hydrogen with oxyge)) is an exothermal reaction, and 
the combination Of nitrogen with oxygen an endothermal reaction. 

A condition particularly favourable for the oxidation of nitrogen is the explosion of 
detonating gas and air if the former be in esceu. If a mixture of two volume* of 
detonating gas and one volume of air be exploded, then one*tenth of the air is converted' 
Into nitric acid, and consequently after the explosion has taken place there remain nonly 
nine-tenths of the volume of air originally taken. If a large proportion of air be taken— 
for instance, four volumes of air to two volumes of detonating gas—then the tempera- 
lure of the explosion is lowered, the volume of air taken remains unchanged, and no 
nitric acid is formed. This gives a rule to be observed in making use of the eudio- 
meter— namely th%t to weaken the force of the' explosion not less Chan an equal volume 
'of air should be added to the explosive mixture. On the other hand a large excess must 
not be taken as no explosion would then ensue {»ee Chapter HI. Note 84). Probably in 
the future means will be found for obtaining compounds of nitrogen on a large industrial 
•oale by the aid of electrio discharges, and by making use of the inexhaustible mass of 
nitrogen in the atmosphere. 

*^ In reality nitric oxide, NO, it first formed, but with oxygen and water it glvet 
(brown fumes) nitrous anhydride, whioh, at wt shall afterwards learn, in the pr e te n o e of 
water and oxygen givet nitric aoid. 
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thimclerstonii or in other electrical discharges which take pttLce in the 
atmosphere ; wheooe it may be tokea for granted that air and rain-water 
always coQtaiu traces of nitric and oitrous acids." Besides which 
Crookee (1892) showed that imdet' certain circumstances and when 
electricity of high potential " *** passes throogh the air, the com- 
biimtion of nitrogen with oxygen is accompanied by the formatioD of 
a true flame. This was also observed prerioasly (1880) during the 
passage of electrical discharges through the air. 

Further observations showed that under the influence of electrical 
discharges," silent as well as with sparks, nitrogcD is able to enter into 
many reactions with hydrogen and with many hydrocarbons ; although 
these reactions cannot be eSected by exposure to a red heat Thus, 
for instance, a series of electric sparks passed through a mixture of 
nitrogen and hydrogen causes them to combine and /orm ammonia '* 
or nitrogen hydride, NH,, composed of qno volume of nitrogen and 
three volumes of hydrogen. This combination is limited to the forma- 
tion of 6 per cent, of ammonia, because ammonia is decomposed, 
although not entirely (f^t) by electric sparks. This signifies that under 
the inSuence of an electrical discharge the reaction NH, = N -l- 3H 
is reversible, consequently it is a dissociation, and in it a state of 
equilibrium is arrived at. The equilibrium may be destroyed by the 
addition of gaseous hydrochloric acid, HCI, because with ammonia it 
forms a solid saline compound, sal-ammoniac, NH,CI, which (being 
formed from a gaseous mixture of 3H, N, and HCI) fixes the ammonia. 
The remaining moss of nitrogen and hydrogen, under the action of the 

!■ Tha Ditrio Hid conUined Id Iha loil, rirer ntar (Clu|it« L. Not« S), walU, fto., 
procMda [like cubotuo ubfdiide] from the oiidnticni ol crguilii campoimdi vbkh bsva 
Ukn iBlo v^lcr, kU, ic. 

'> '>■ Crooliet amptojad ■ enmnt ot IB unpten tad it rolli, uid |iHHd it Uuvogh 
ID iDdnclion «oU irilh BSD ribnUoiu pw (Maad, ■adobtuBsd ■ fluna bahrsen Iba polea 
plu«d It ■ diitSDce dI 18 Dim. which ilto (ha appMurMiM of (he on and Buno coold 
bs iDFtuud to MO DUD. A pUtiaoai wjia tniad Id th* luoa. 

■' Tbia proparty ot Didoggn, whicb ondoi nonnal ogndiUona ia ImwUva. leads to (ha 
idea th&l uDdsi (ha inSuance ol ui aleotrio discharge gaasona DJtnigeD duagKt in i(s 
propeitlea i il not poimuiDtly lik« oijgen (alectiolyied OiiTgaD or ouDa doea not raaol 
00 DilHigen, ucotding lo Barthetot), it nuj ba tomporuil; at the annait ot the utioa 
of Lha diicbarga, jaat M aouie aubitancaa Dndar tha sotioa of haat ui> ponnaDenttf 
•flac(ad ftb^b ia, Hhan once changed raoaun so— for Enatancai trhita phoaphorai paaaaa 
Into red, Aa.), whllal Mua* are odI; tsmpoiuily dtered (Iba ditualatloa of Si Into B| 
M of aal-amiBoniaa Into ■"■■"""■^ and hrdrochloiiB uid). Such a prapotillau ia fanmred 
hy the lae( tha( albogaD giTM (wo kinde of ipectn, with whicb we ahiJl alterwaida 
beoona Boqaun(ed. It may be Hut Ihe Dtolecnlei Ni Ihan give le» camplni molecatea, 
M oontaining onestom, ot fonn a complei loolectila Nj. t^ko Di;gen ID pauInR idId 
Osone- Frobablj' luidei a lijent diichirgs the molasoleB of oiygsn, 0|, an futij deoom- 
BOMd and (he IndiTidaal alomi coiobine iritb 0,, forming oaone. Oj. 

f Thl«re*fition,diaooTet»dbyCh»bri««ndlni«rtigsledbr'ni&i»ri,w»aoii]jrijhtly 
1 when Deriile applied (lie prlnciplaa at diisoclatioa lo it. 
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■parks, again forms ammonia, and in this manner ao/«cf md-ammoniae 
ii obtained to the end by the action of a eeriet of ehetric sparks on a 
mnxiure o/gateowi K, H„ and RCL^* Berthelot (1876) showed that 
onder the action of a silent discharge many non-nitrogenons organic 
snbetances (benzene, CeH^, cellulose in the form of paper, resin, 
glocose, C^HioOft, and others) absorb nitrogen and form complex 
nitrogenous compounds, which are capable,, like albuminous sub- 
stances, of evolving their nitrogen as ammonia when heated with 
alkalis.** 

By such indirect methods does the gaseous nitrogen of the atmo- 
sphere yield its primary compounds, in which form it enters into 
plants, and is elaborated in them into complex albuminous sub- 
stances.'*^^ Butt starting from a given compound of nitrogen with 



^* The action of nitrogen on acetylene (Berthelot) resembles this Reaction. A mixtors 
of these gases under the influence of a silent discharge gives hydrocyanic acid, C^Ha-t- N| 
^9CN^ This reaction cannot ^rooeed beyond a certain limit because it is revsntbla. 

'^ Berthelot successfully employed electricity of eren feeble potential in thMe experi* 
ments, which fact led him to think that in nature, where the action of ^ectrieity takes 
place very frequently, a part of the pomplez nitrogenous substances may proceed froD 
the gaseous nitrogen of the air by this method. 

As the nitrogenous substances of organisms plsy a very Important part iti them 
(organic life cannot exist without them), and as the nitrogenous sobsianccs introduced 
Into the soil are capable of invigorating its crops (of course in ^ the presence of the 
other nourishing principles required by plants), the question of the means of converting 
the atmospheric nitrogen into the nitrogenous compounds of the soil, or into atnmilable 
nitrogen capable of being absorbed by plants and of forming complex (albuminous) 
substances in them, is one of great theoretfcal and practical interest The artificial 
(technical) conversion of the atmospheric nitrogen into nitrogenous compounds, not- 
withstanding repeated attempts, cannot yet be considered as fulfilled in a practical 
remunerative manner although its possibility is already evident. Electricity will 
probably aid in solving this very important practical problem. When the theoretical 
side of the question is further advanced, then without doubt an advantageous means 
will be found for the manufacture of nitrogenous substances from the nitrogen of the 
air ; and this is needed, before all, for the agriculturist, to whom nitrogenous fertilisers 
form an expensive item, and are more important than all other manures. 

One thousand tons of farmyard manure do not generally contain more than four tons 
of nitrogen in the form of complex nitrogenous substances, and this amount of nitrogen 
is contained in twenty tons of ammonium sulphate, therefore the effect of a mass of 
iarmyard manure in respect to the introduotion of nltrbgen may be produced by small 
quantities of artificial nitrogenous fertilisers {s«e Note 16 ^'*). 

IS bb Although the numerous, and as far as possible accurate and varied researches 
made in the physiology of plants have proved that the higher forms of plants are not 
capable of directly absorbing the nitrogen of the atmosphere and converting it into complex 
albuminous substances, still it has been long and repeatedly observed that the amount 
df nitrogenous substances in the soil is increased by the cultivation of plants of the 
bean O^gcmiinous) family such as pea, acacia, Ac A closer study of these plants has 
shown that this is connected with the formation of peculiar nodular swellings in theit 
roots caused by the growth of peculiar mioio-organisms* (bacteria) which cohabit the soil 
iPith the roots, and are capable of absorbing nitrogen from the air, i.e. of converting- ii 
Into assimilated nitrogen. This branch of plant physiology, which forms another proof 
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ir oxygen, we majr, without the aid of orgaciams, obuin, ag 
will uiterwarda be partially indicated, taoit diverse and complect 
nitrogenous aubstaitcea, which cannot by any means be formed directly 
from gaseous nitrogen. In this we see an example not only of the 
diSerence between an element in the free state and an intrinEic element, 
but also of those circuitous or indirect raeOtods by which Eubstnnces 
are formed in nature. The discovery, prognostication, and, in general, 
the study of such indirect methods of the preparation and formation of 
substances forms one of the existing problems of chemistry. From the 
fact that A does not act at all on B, it must not be concluded that a 
compound AB is not to be formed, The substances A and B contain 
atoms which occur in AB, but their state or the nature of their motion 
may not be at all that which ia required for the fonnatioii of AB, 
and in this substance tho chemical state of the elements may be as 
different as the state of the atoms of oxygen in ozone aud in water. 
Thus free nitrogen is inactive ; but iu its compounds it very eaaCy 
enters into changes and is distinguished by great activity. An acquaint- 
ance with the compounds of nitrogen confirms this. But, before 
entering on this subject, let us consider air a«'a mass containing free 
nitrogen. 

Judging from what hns been already stated, it will be evident that 
atmoipkeric air '^ contains a mixture of several gases and vapours. 
Some of them are met with in it in nearly constant proportions, whilst 
Others, on the contrary, are very variable in their amount. The chief 

in n&tDra. uuaot ba diHUued in 
I ci( gnat UieorelW mi prectioU 
miarait, urn, moreover, pDOnooieDa ai inis luia, wcicb huTa lecenl]; been discavared, 
pffomlH to fliplfem, lo K>me extent at loMt, certain af Ifao complex piobtema coaceniing 
the deTelopmeul of lila on the oarth. 

10 Under the nama of aliDOBpherie air the chemirt and phjaiaiat onderaLabd Drdmuy 
tir containing oitrogsn and oiygev Doljiiwlwithilaiiding that (be other coospoitent parta 
of air hsKB a tot important inflaeoce on the living Btattar of the cartL'a anrlaca. Thai 
atr ia » represented in aoienca ii baaed on the fact that onlj the tiro oompoucnta above- 
named arc met vith la ail in a coastant qaaolitii, whilil the otbera are variable. Tha 
•olid Imporitie* ouj b« aspataled (mm air roqoired for Dhemica) or pfayaicaJ lueanh 
bf limple filbtation through a long layer of colton-vaol pUoed in a tube. Organio im- 
poritJeB are removed hj pasting the air through a Hlotion of potasaltun pannanganate. 
The ouborua anhydride contauied in air ia absorbed by alkalia — bwt of all, aada-lima, 
vhioh In a dry atate in porona Inrnpi aburbi it with uceeding rapidity and completa- 
DMt. Aqnaooa vapoDr la removed by paaaiog the aiv over calciam chloride, elnnig inl- 

'.phorio add, or phoiphorie anhydride. Aii thus pnrlfled ia accfplnd *a contaJning only 
nitrogen and Dtygen. although b reality it ttill oontaina • certain qaaotily of hydrogen. 
and hydrocarbona, (rom which it may be purified by paadlag over copper oxide heated io 
reduais. Tha coppsr ocida then Olidieei iht hydrogen and hydrocarboni — it bomi Iham, 
forming water and carbonic anhydride, whioh may b« removed aa above daacribad- When 
it la laid that ia the dBtereunation of the density of gaaei tho weight of air ia taken aa 

I nnltjr, it ia anderatood to be aoch aii, containing only nltivgen and oiygen. 
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^, ^gi^t 1^00^ tit gmanllf csncuiis V3«er. is Kprs,7. [ln>p& and ■ 

md putioha of nUBt paiha^ ot mtnaa orign » wrtiwiiB^M 
brt in ths ttajantf vi mam pto wKng ftwi tha mwhaukri iMaAi 
rf^MpwtielwfcoinoMlodtK^fcfwKfc^bytiwwiiML !%■■■ 
Mid uid tiqind f"*'-'-' (kartig « beg* nrlMe ix 




« evwygae kaows by «xpwiaBoa. Hmk □ 
tniH*'"'— baloog to clw ocdu of tkoM whidt act u^oioaly, tiwgvMs 
at lover orgwami — for intrtinrrr ot mrtnlrii wiH tha ehm of esnien 
4( inlintioiiB diMMOKi 

In the air of Uw T»noBS cooBbnM of tba larth, st dU&rtat kx^i- 
tadtt and at difiervDt >ltitad«abor«it>nr&M^ oatbeoennoroB tto 
diy Und — in « word, in the air of most direrse localities of the caith — 
the oz7g«a and aitrogen an Gmnd eir9T7«k«re to be in • cocstant ntio. 
This is, iDoreoTer, irif-evident from the fact thnt the air eenstwitlj 
diffuses (intermijaa by Tirtae of the tnlental motion of the gaseooa 
particles) aad is also pot into motion and intenoixed bj the wind, bj 
wbtch processes it is equalised in its compoaitian otw the entire snr&ca 
of the earth. In those localitiee where tlu air is nbject to chaaga, 
andi3 in a more or l«Gsuidoaedipace, or, at anj nte, in an navoitilatad 
Gpa<^e, it may alter rery considerablj in ita composition. For this 
reascD the air in dwellinga, cellars, and wdls, in which tken an 
snbstjuices absorbing oxygen, contain* haa of this gas, whilst tha air on 

13 m Thuiki to the ngiiiV»bU Hmju ^t t j made in the nmuiHc of I9M bj tiOtd bj- 

leigh snil Prof. B4111UT. the nU-kBawn eoBpouat ■Itimeiitii at Kir mnM mnr be iinniji 

BUBlerl b; 1 px- (bj trlvmt) ol t. hoTj fu (dnatr mboal 18, B-l{, iaacein Hke aitca- 

gen, which <n> disnnnd « tha nwuviia b*i1« bj Urei lUTWigh m Uw do^tr of 

nitroffeo u menlicofd In ncl« 1 ». Up to Iht priMpt tunc this gis hu been »]««}• 

datermiiial togrther with nitingeii, bccuiH it BcnbiBei irith ncithn the h j i hi^ ^ ja 

Ui* •udiometer Dot 'iib th< eopiwr is the gnTinucnc method ol dglctnuiting the earn- 

fowtion o( »if, »Jid Uienfora hu ttnf^ rtrntiaai iriUi the nitreg™. It hu bctt 

pMtiblf to upu<>te it trasa siCrogui Blue mAgsHiam ebntbe aitncTii it ■ mi ba>^ 

■iDle thii gH nouioi osAbeDTbed, uid iru foand to hara k duuitj Hui^ s« id ■ 

■ftimagmler thtn thit of iutn«eQ (ii II not ■ pcJjmer o( nitiAgen. K, F). It b>9* 

Ri (ItQ that lbi> gu gin* a lumiiKnu ipeetrou, triuiA contuni the bright bta* fisa 

^ in the ipeetniiB ol BitnfBi. Ov^ to tke (Ht (hM H li u e m ei li^Hf hat 

«, n«a nun M thu Bitntto. it kaa bMB I w ii Ai^M. FMIhc iAivm 
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ttte tvttace of standing vat«r, which abounds In the lower orders at 
plant life evolving oxygen, contains an excesn of this gaa.'^ The 
constaot compodtioa of air o^'er the whole surface at the earth hu 
been proved by a number of most careful researches.'* 

Tfio analym of air ia effected by converting the osygen into a non- 
gaseous compoand, bo as to separate it from the air. The original 

portion ot air. it »il1 b« eaoagh In point out that tha nii costained ia (he (»riti« at 
gla«ien oanUiiai enl; up to ID p^. of orfftti. Tbi* dopendi on lbs fact that at lo* 
IwDpenluei oiTsen iamiich mora Hlubls in mgw-walar and anoirtbADnitiDgeii. Wlun 
ilialcsa Dp witb witec tUs compoullon ot air alisiitd change, becauw the xalet diisoln* 
Doequal qnantitiei ol cijgen and nitngen. ^e tivn alreudr leeo (Cliapttr L) Uia( 
(ha air Iniled oB (ram water mturatsd at abont D" contaioi about tliirljr-Bve voIbbim 
Ol oijgea and liitj-fiTa voliunea of nitrogen, and ve have coaiidsrad the raa»n ol 
thia. 

" The analTiii ol air bj- veight eondact«d hj Dtutuis and Bonssinginll in Paris, 
vhicli thST repeated manr timea between April 37 and Septecnber 13,1841, D ~ 
eonditious of weather, ibowdd that the amount by weiglit o( oiygen only xariei oeiveea 
UBS p.e. and 31)09 p.c., the avenge uoount being 1907 p.o. Brunner, at Bern io 
Swilurland, and Bitiali, at Faulhom in the Gomeie Alpi,at ■ height of two kilometre! 
abova the level of the »a, HarigoiHi at Oeoevn, Lowy al CepeDhigen, and Staa at 
BrUBiBl^ hare analjud the air bj the same methods, and found thai ita compoutioa 
doe« Dot exceed the limita deteiminad for Fuia. Tbu most cocent dctenniattians (with 
an aeenraey ol ±Q~OEi p.c.) confirm the concluaion that the composition of the atmOBphere 
tseonatant. 

Ai than an aoma grounds (which will b4 mentioned ahortly) for oonaidering that (ha 
eonipDaidoo of the air at gcaat altilndea is ajigbll]' diHarcnt from that at altaltwhla 
bnghti — Bafnely, (hat it is richer in the ligb(er nitrogen — seTeral (ragmantatiP obsetvationi 
made al Unnioh ( Jollr, 1860) gave raasoB lor thinking thai in the npward cnrrenU (that ia 
In the region of mioiaum barometric pnssnn or at the centres of meteorological cyclonn) 
the ait Is richer in oiygan than in the deiieadiag cnmnta ot sit (in the regiona of anti- 
eyclDnei or ol barometric maxima] ; bal more carefallj ooadacted DbMrritions showed 
Ihi* sappoeition lo ba incoRacI, Improred method* loc the analyiia of air have ahoati 
thai certain slight rariations in It* eonjpoaition do actnallyoocBr, bat in tlie first plus 
they depend on Incidsntal local iaBaenoas (oa the passage of the ur over raoantaini 
and large tnrTMW ot watsr, tegiona of loresl and heibags. tad the like}, and in the 
aecond place are limited to qaanUlie* whi<A are fcarcely di*tingnishabte from potsiblo 
■nets ia the antlysM. Tha teaeanha* made by Eni^a in Germaiiy (1689) are pu- 
ticularly convincing. 

The eoDsideralioai which lead to the (opposition that the atmosphere al great alti- 
tudes contains less oxygen than al the sDrlaoe of the cart}t are baaed on the law ol par- 
tial preunras (Chapter I.) According to this law, Iha eqaillbriam ol the oiygcs iu 
tha strata ol the atmosphere la not dependent on the aqCiilibiiam ol the nitrogen, and 
tha variation In the doDtilioa of both gaaea with the boigbt iii determined by Ihepressuco 
el *ich gaa •epanlety. D*Uila ol Uie ealeolatioai and oonsideiatiaas ban involved 
aM eontainad in my irork On JInronuMa lavilUaf, ISTS, p. *8. 

Oa Ilia basis d 111* law at paitial pressnte *nd ol hypsometrical lormDlie, eipressing 
tha Uwi ol tha variatioa ol pmsanni at diSerenl altitodas, tha oonoliuion may be dtdueed 
Ibtt al the Dpper strata ol (be atmoaphera the proportion of the nitrogen with reapeat 
to Ibo Diygen Inenaus, but the iDOtaasa will not exceed a Iraotion per canL, eren at 
altitudes ot foor and a halt to six miles, the greatest height within th* rcacb of mm 
•ither by climbing mounlaio* or by means ot balloons. This conclaslon h eontUmad by 
lb* analf aat ol alt oollaotad hj Weloh In England diuing bli aftontntlc ascanti. 
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Tolttme o! tlie air is first meatored, and then the volume of the re* 
maining nitrogen. Tlie quantity of oxygen is calculated either from 
the difference between these volumes or by the weight of the oxygen 
compound formed. All the volumetric measurements have to be 
corrected for pressure, temperature, and moisture (Chapters I. and II.) 
The medium employed for converting the oxygen into a non-gaseous 
substance should enable it to be taken up from the nitrogen to the 
very end without evolving any gaseous substance. So, for in3tance,*' 
A mixture of pyrogallol, C^Hfi^t with a solution of a caustic alkali 
absorbs oxygen with great ease at the ordinary temperature (the 
solution turns black), but it is unsuited for accurate analysis because it 
requires an aqueous solution of an alkali, and it alters the composition 
of the air by acting on it as a solvent. ^° However, for approximate 
determinations this simple method gives results which are entirely 
satisfactory. 

The determinations in a eudiometer (Chapter III.) give more exact 
results, if all the necessary corrections for changes of pressure, tempera- 
ture, and moisture be taken into account. This determination it 
carried out essentially as follows : — A certain amount of air is intro- 
duced into the eudiometer, and its volume is determined. About an 
equal volume of dry hydrogen is then passed into the eudiometer, and 
the volume again determined. The mixture is then exploded, in the 
way described for the determination of the composition of water. The 
remaining volume of the gaseous mixture is again measured ; it will bo 
less than the second of the previously measured volumes. Out of three 
volumes which have disappeared, one belonged to the oxygen and two 
to the hydrogen, consequently one-third of the loss of volume indicates 
the amount of oxygen contained in the air.** 

The most complete method for the analysis of air, and one which is 

19 Tho complete absorption of thje oxygen may be attained by introducing moist p]io#- 
phorui into a definite volume of air ; tho occurrence of this is recognised by the fact of 
the phosphorus becoming non-luminous in the dark. The amount of oxygen may be 
determined by measuring the volume of nitrogen remaining. This method howeTeic 
cannot give accurate results, owing to a portion of the air being dissolved in the watcir, 
to the combination of some of the nitrogen with oxygen and to the necessity of intro- 
ducing and withdrawing the phosphorus, which cannot be accomplished without 
introducing bubbles of air. 

^ For rapid and approximate analyses (technical and hygienic), such a mixture it 
very suitable for determining the amount of oxygen in mixtures of gases from whioli 
the substances absorbed by alkalis have first been removed. According to certain ob- 
servers, this mixture evolves a certain (small) quantity of carbonic oxide niter absorbing 
oxygen. 

'^ Details of eudiometrical analysis must, as was pointed out in Chap. HI.) Note Sd, 
be looked for in works on aj^ytical ohemistry. The same remark applies to the other 
analytical methods mentioned in this work. They are only described for the purpose 
of showing the diversity of tlie metbods of ch^mioel rofesroh. 




NITROGEN AND AIR 



Accompanied hj the least amODDt of error, consists in the direct weigh- 
ing, as far as is posEible, ot the oxygen, nitrogen, wal«r, and carbonio 
AnbydriJe contained in it For tbia puq>ose the air is first [ 
llirougU an apparatus for retaining the moisture and carbonio anhy- 
drido (which will be considered prosently), and is then led through 
a tube which coatains shavings of metallic copper and has been pre- 
viously weighed. A long layer of such copper heat«d to redness abaorba 
all the oxygen from the air, and leaves pure nitrogen, whose weight m 
be determined. This is done by collecting it in a weighed u 




DHUlwahUbllUMwIlboitKK.anllimaMMstxo'Xi^ U^hMtatlnadwHlhriHt; 
When Um mht liu biMBft nd-bvL Iht il««ei r (hv Bl !■ aUkbUj ofmad, 4nd tba kit 
nrnt "t— -ir^ ■■■- -^^ ■■, — i-i-i.-g - —^^~. -i M(ut,/HBtdiilii>aidiHtoaiHd|itHn 
oF ouOta i»Udh iiUoh nant tbi orMiila uiltrdiUa tiia t^ (Ir, ul il« tliniwb 1 1^ 
coalidjtfM iDliibiBli kU (wliMi tea ben mrlute boygd tannd dlHih^ 
■UovwQiA •«»« *b* adUiin tnu l£ ilr. nw |iiv> lit l&D ilTt* oil Ita ru^nii til tte 
(BinrlaT. WknlM (It ihh* Into XttaahvODCkB alibi (kite Bla<MMd.aid ft tMBOnM 
BOea wtik tftnavi. WbDtbg >[retui>t(i«owlii,tlwMope«ki>ndiMd,HiaUH(l(teB 
MdtiitttTMl^El. n>t DllntB b tim |biii|h« oit «( [h« Wb* Kd U b wditnf •■■b. 
The iBcnw In velibt ol tbs lube ■bom On imoBiii at etna, ud IIh dlSBiDH aTUH Huod 
•nil thiri wriiUagi Dl U» tnta^ -wUh Ua laoHMt la »tl(Gl tt Ot flsM. fi-m Dm wdgtit •( 

tauBted globe, while the amount by weight of oxygen is sh()wn by the 
increase in.weight of the tube with the copper after the experiment, 
Air free from moisture and carbonic anhydride" contains 20'95 to 

" Air frofl from cu1»oau: ^nfaydridfl indicaua oiler Ftploajon the pna«dC0 ot a tmaU 
qiuntitf ol cuboDio •nhj'dride, u Dt SaUMOro rcmukcil, ud air lre« tram omlalive, 
af^r being paaaed OTcr red-hot copper oiide, appoan invaiiabljr to cantaia & aaall 
gnvitity of water, aa Boataiugault hag obwrvud. Tiieu abMrrationa l«*4 to tk« 
MUmptioa that air aliraji coatain* ■ carUin quuilitjr ol gaaeoaa hjdroearUHia, lik* 
manfa gaa, ntbioli, u wo ifaall aFteriraida leam. la sTolved Iroin the cuih. manlMti-Ao. 
Jto UDOont, bawsver, does not oitwed a tea baodredthi per cent. 
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20*88 ^ parts by volame of ozjgen the mean amonnt of oxygen win 
therefore be 20*92 ± 005 per cent. Taking the density of air ss 1 and 
of oxygen s 1*105 and nitrogen 0*972 the composition of air by weight 
will be 23*12 per cent, of oxygen and 76*88 per cent of nitrogen.*^ 

The possibility of the composition of air being altered by the mere 
action of a solvent very clearly shows that the component parts of air 
are in a state of mixture, in which any gases may occur ; they do not 
in this case form a definite compound, although the composition of the 
atmosphere does appear constant under ordinary conditions. The fact 





IFlo. S9.— Appurfttus for the abMn>tion anil 
washing o( roam, known aa Lieblf's 
bulbs. Tlie gaA cnUrn m, presimM on the 
abaorpttre UquM, and i^aaaet from m Into 
b, e, tf, an<l e cnn«vcutivcly, anU c««pea 
through/ 



Fio. 40.- 0<>{<(Ior'ii potash bulbs. The gaa enten 
at A. and pa«'<>« through a ntutloo of potaili 
in tlie lovior bnUHt, where the carbonic anliy> 
drlde It Hb^>rbotl. and tlie gas escapes from V. 
Tlie lower bulbs are arranged In a triangle, so 
that the Apparatus CHU stand without support. 



that its composition varies under different conditions confirms the 
truth of this conclusion, and tlicrcfore the constancy of the composition 
of air must not be considered as in any way dependent on the nature 
of the gases entering into its compositioni but only as proceeding from 
cosmic phenomena co-operating towards this constancy. It must be 
admitted, therefore, that the processes evolving oxygen, and chiefly the 
processes of the respiration of plants, are of equal force with those 
processes which absorb oxygen over the entire surface of the earth.'* 

'^ The analyses of air are accompanied by errom, and there are variations of com- 
position attaining hundredths per cent. ; the average normal composition of air is there- 
fore only correct to the first decimal place. 

•* The«<» figures oxpreas the mean composition of air from an average of the most 
accurate determinajLions ; they are accurate within ± 005 p.c. 

K In Chapter III., Note 4, an approximate calculation is made for the determination 
of the balance of oxygen in the entire atmosphere ; it may therefore be supposed that the 
composition of air will vary from time to time, the relation between vegetation and the 
oxygen absorbing processes changes ; but as the atmosphere of the earth can hardly 
have a definite limit and we have already seen (Chapter IV., Note 88) that there are 
observations confirming this, it follows that our atmosphere should vary in its com* 
jponent parts with the entire heavenly space, and therefore it must be supposed thai 
any variation in the composition by weight of the air can only take place exceedingly 
ilowly, and in a manner imperceptible by experiment. 
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Air Bb^yaoontetnBiiion> or less moisture" uid carbonic anhydrida 
produced by the respiration of oniniala a.ad the combustion of csrboD 
and carboniforous compounds. The latter Ebowa the properties of an 
acid anhydride. lo oitlar to determine the amount of c&rbonic anhj- 
dride in air, Butwt&nces are employed which absorb it — namely, alkalis 
either in solution or solid. A solution of caustic potash, KHO, is 
poured into light glass vessels, through 
which the air is passed, and the amount of ^ 
carbonic anhydride is determined by the 
increase in weight of the vessel. But it 
is best to Uke a solid porous alkaline 
mass such as soda-lime.*' With a slow 
current of air a layer of soda-lime SO cm. 
in length ia sufficient to completely deprive 
I cubic metre of air of the carbonic anhy- 
dride it contains. A series of tubes con- ^ 
tuning calcium chloride for sbEorbing the 
moisture " is placed before the apparatus 
for the absorption of the carbonic anhy- 
dride, and a measured mass of air ia 
passed through the mhole apparatus by 
this manner the determination of the 




" The moooni of moistnre contefnpd in tha «ir i« con 
in tlia alndf ol phjiioa and mBli-olaliigy ind Ibe nbject hi 
In ClupteT L, Note 1, wfaen th« methoda of abwnbing mnttnre from 



lidcnd in gnaUt d«Uil 



repointea 

I* Soda-time iiprapifcd in tho foUoring mumci:— 0iia)ikednin«[iflnalT povdersd 
•nd miinl <ritb > (ligbtlr wumcd and tu? atrong Klation of uosUc aodiv The mliing 
dtonld be done in an iron diah, and tbe mateiiatinhouIdbenelliUrTed together aolil the 
Hnu begin* toalake. When themual>ecamc■ho^itboi1■,BttBllaup, tod talidifiea.lorni. 
ingsponHumaaa vflrjriohin alkali and capable of Tapidiy abvorbkog Cfljbonio anhydrido. 
A Innpol ranatio aoda otpotuh [ffeieiit* a muirh smaller enrfaes tor aburjitloa and there. 
loreutt mnoh leaa rapidly. It ia neofiiarylopliiceannppiiritoiforBbMrbingwaU'railar 
Ibe appaiatM (or abmrblng the carbode anhydride, beunea the alkali in absorbing the 
latter girea off water. 

,■■ It ia evident that the caloimn chloride employed (oc ■beorbing tbe water ahootd U) 
ftre (ram lime or other alkalis in order thai it may not retain cubooie anhydride. Ssch 
caldom chloride may be prepared In the toUotting muinet ; A perfectly neutral tolution 
ol ealciom efaloride ii prepared from lime and hjdrochlorio acid; it ia then carefully 
eraporated fint oa a nater-bath and then on a gaud-bath, When the solution atlaini a 
certain attength e KOni <i formed, which eolidifiea at the larfaco. Tbii aciun <■ 
collected, and will be foand to be tree from saBBtic alkalii. Jt ia neceaaary Id an; oaea 
to teat it before nae, u otherwise a large error nUf be inlndneed into the reiolti, owing 
to the preaenca of tree aUuli (lime). It it beet to pua earbanio anhydride through the 
(Dbe containbie the caldnm aUoride for Mnne tinia before Uie txperfmml. In oider to 
•alante uy bee alkali lliat may remain hom the deeompoailiOD of a portion of th* 
«a1dan cUixide by water, CaCl, * SBjO - CaOB^ + aflCh 
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absorption of tho oarbonio anhTdride. Tlie aiTaag<eoieiit shown h 
fig. 38 is such a oombination. 

The amdiint of carbonic aohTdrido** in frae air is inoompaimblj 
more constant than the amount of moistnreu Tho arerage amount 
in 100 volumes of dry .air is approximately 0*03 yolame— that ii, 
10,000 volumes of air contain about three- volumes of oarbonic anhy- 
dride, most frequently about 2*95 volumes. As the specific gravity ci 
carbonic anhydride referred to air ae 1*52, it foUows that 100 parts hy 
weight of air contain 0*045 part by weight of carbonio anhydride. 
This quantity varies according to the time of year (more in winter), 
the altitude above the level of the sea (less at high altitudes), the 
proximity to forests and fields (less) or cities (greater), dec. But the 
variation is small and rarely exceeds the limits of 2^ to 4 ten-thousandths 
by volume.'^ As there are many natural local influences which either 
increase the amount of carbonic anhydride in the air (respiration, com* 
buation, decomposition, volcanic eruptions, dec.), or diminish it (abscrp- 
tion by plants and water), the reason of the great constancy in the 
amount of this gas in the air must be looked for, in the first place, in the 
fact that the wind mixes the air of various localities together, and, in 
the second place, in the fact that the waters of the ocean, holding car* 
bonic acid in solution,'^ form an immense reservoir for regulating the 
amount of this gas in the atmosphere. Immediately the partial 

** Reooar»c is had to special metboda when the determination only takes note of tlit 
cwbonic anhydride of the air. For instance, it is absorbed by an alkali which doet nol 
oontaia carbonates (by a eolation of baryta or caustic toda mixed with baryta), and thai 
the carbonic anhydride is expelled by an excess of an acid, and its amount determined by thiS 
Tolnme given off. A rapid method of determining COa (for hygienic porposes) is giren 
by the foil of tension prodnoed by the introdnction of an alkali (the air hariog been 
either brought to dryness or saturated with moisture). Dr. Schidloffsky's apparatus it 
based upon this principle. The question as to the amount of carbonic anhydride prtssnt 
in the air has been submitted to many voluminoits and exact researches, especially those 
of Reiset, Schloesing, MUnts, and Aubin, who showed that the amount is not snbjMll 
to such variations as at first antiounoed on the basis of incomplete and insofBoiantlj 
accurate determinations. 

^ It is a different case in enclosed spaces, in dwellings, cellars, wells, cares, and mints, 
where the renewal of air is impeded. Under these circumstances large quantities of 
carbonic anhydride may accumulate. In cities, where there are many conditions for 
the evolution of carbonic anhydride (respiration, decomposition, combustion), itt 
amount is greater than in free air, yet even in still weather the difference dots not 
often exceed one ten-thousandth (that is, rarely attains 4 instead of 2*9 vols, in lOOOO 
vols, of air). 

SI In the sea as well as in fresh water, carbonic acid occurs in two forms, dirtoUy 
dissolved in the water, and combined with lime as calcium bicarbonate (hard waters 
sometimes contain very much carbonic acid in this form). The tension of the otrbonio 
anhydride in the first form varies with the -temperature, and its amount with the partial 
pressure, and that m the form of acid salts is under the same oondititns, for dirtot 
exiMriments have shown a similar dependence in this cast, although the quantitetiTt 
relations art different in the .two casts. 
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pressure of the corbonio anhjdride in the air deereases, the water 
evolves it, and when the partial pressure increases, it absorbs it, and 
thus nature supplies the conditions for a natural state of moving 
equilibrium in this as in bo many other instances." 

Besides nitrogen, oxygen, moisture, and carbonic acid, all the other 
substances occurring in air are found in infinitesimally small quantities 
by weight, and therefore the vxight of a mbic jneasure 0/ air depends, 
to a sensible degree, on the above named components alone. We have 
already mentioned that at 0° and TGO mm. pressure the weight of a 
cubic litre of air is 1'293 gram. This weight varies with the oeeelera- 
tion of gravity. 1/, so that if 7 be expressed in metres the weight of a. 
litre of air, e = g x 0'131844 gram. For St. Petersburg ff is about 
8-8188, and therefore c is about 1 -2946," the air being understood to be 
dry And free from carbonic anhydride. Taking the nujount of the 
latter es 0'03per 100 volumes, we obtain a greater weight ; for example, 
for St. Peterabnrg e = l>2948 instead of 1-2946 gram. The weight 
of one litre of moist air in which the tension** of the aqueous 
vapour (partinl pressure) =/mm., at a pressure (total) of air of H 



" In (lodTing the phenomBDA ol nutius Ibe DOorliltioIi in ■rriied 
niuTanftllr ni^Dgftte1« of mDhiJe fiqmlibrinM fonuB the chief T4ftK>T, for tbnb 
ordflT which impreHe« «1] oburrerB. It nat unfroqatiDtly h^ppcDB thtt we A 
oviui r«giiJatUi£ the ordrr and hftrmOD}' ; m the puticul^u' mHUoue 
•nhydride, it ia ■ Btrikuig circiuiutuiae that in the Ant initean a ■aarcl 
lor ui buTUDBiooi ud ithct unilonnitj. ud ui incidmUl (ininfflsimUf ■ 
fngmenUT?) sbierrttioiiB conditiani vera even tannd lot oonclndiDg it t< 
WheD, Ul«r, the ralo of thii nnifoniulj wu confirmed, then the cnuui 
nch order were alio dluevered. The reeuRhei of Bchloeaing irere dI thi 
Deiille'* idea of the diHociation ol the add cvbonatoe of lea-water ii anj 
Hum. In Dunj' other euri eleo. ■ ccnecl interpretation md ootjr [oUow from 



lie abaent. 
repjkting- 
ehancter. 



" The diBstBMB of IhawMsbt o[ a litre ot dry air (free from eatbonio lohydriae) at 
f and TtO aao., at diSerenl longitndoa and altitodea. dependa on the laot that Uu (one 
ot gisTitj Taiiaa ondei Iheaa oonditiona. and with it the preaaum of the buomatrical 
ooJDiaii alw Tatiea. Thi* la tiealtd in detail in my aoilci On Iht Ehuticilg of Saw 
Ukd Oh Baromeu^ Lciiellingt. and ' The Pablic&UoDa of the Weighta and BI«a«iuea 
Deparlmenl ' [JoutnaC 0/ the fiuoian PJiftic^Cheniiait Sanely, 1S94). 

In retJilT the weight ia not nutunred in abiolDte Dniti oI weiglit (in pceaatue — rater 
Vo woiki on mechanica and phyaioe), but iD lelatiTS imit* (crami. aode weight!) whose 
maaa i* iovariable^ uii (h«nIora llw nrUtion of the weight ot the weigbta ilaell with 
laahsoge ot graril; miut not be here taken btoKCODat, tor we are here dealing with 
lal to maaaea, unco with • change of liic«lit]' the weight of the 
be weight of a given Toliunc of ail doea. Id othei wordi : the maaa of 
I renuini eaBtlast. but the pieiaore produced tf it variee with th» 
.ritf : the grun, poDsd, and other anlu of weight are raoJlr nnlti of 
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a delenntDed by hTgromelan 
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AillimetTMi at a temperature f, will be (i.e., if at 0^ and 760 mm. the 

weight o! dry air « «) equal to ,— ^-^5i>-; x 5=^!^§/ Poria- 
» ^ '^ 1+0003671 760 

stance, if H s 730 mm., f a 20^, and/s 10 mm. (the moistare it thea 

elighUj below 60 p.c), the weight of a litre of air at St. Petertbofg, 

« 11 527 gram.'* 

The presence of ammonia, a compound of nitrogen and hydrogen, 
in the air, is indicated by the f«ot that all acids exposed to the air ab- 
sorb ammonia from it after a time. De Saussure obeerved that 
aluminium sulphate is converted by air into a double sulphate of am- 
monium and aluminium, or the so-called ammonia alum. Quantitative 
determinations have shown that the amount of ammonia ^ contained 
in air varies at different periods. However, it may be accepted that 
100 cubic metres of air do not contain less than 1 or more than 5 
milligrams of ammonia. It is remarkable that mountain air contains 
more ammonia than the air of valleys. The air in those places where 
animal substances undergoing change are accumulated, and especially 
that of stables, generally contains a much greater quantity of this gas. 
This is the reason of the peculiar pungent smell noticed in such placea 
Idoreover ammonia, as we shall learn in the following chapter, com- 
bines with acids, and should therefore be found in air in the form of 
such combinations, since air contains carbonic and nitric acids. 

The presence of nitric acid in air is proved without doubt by the 
fact that rain-water contains an appreciable amount of it. 

Further (as already mentioned in Chapter IV.), air contains ozone 

^ Forrapid calculation the weight of a litre of air (in a room) in St. Petertborg, may 
under these conditions (H, f, and /) be obtained by the formula t - 1*30671 + 0*0016 
[Hi-765 + a-6(lB''-<^)] where Hj = H~0-88/. In determining the weight of tmaU and 
beavy objects (crucibles, kc, in analysis, and in determining the speciflo graviiiet 
of liquids, &c.) a correction may be introduced/or the lo$t of weight in the air of the room, 
by taking the weight of a litre of air displaced as IS gram, and consequently O'OOIS gram 
for every cubio centimetre. But if gases or, in general, large vessels are weighed, and tht 
weighings require to be accurate, it is necessary to take into account aU th« daU for ih^ 
determination of the density of the air (t, H, and /), because sensitive balancM oan 
determine the possible variations of the weight of air, as in the case of a litre the 
weight of air varies in centigrams, even at a constant temperature, with variationa of & 
ftnd /. 8ome time ago (1869) I proposed the following method and applied it for ihia 
purpose. A large light and closed vessel is taken, and its volume and weight in aTafOOom 
are accurately determined, and verified from time to time. On weighing it we obtain 
the weight in air of a given density, and by subtracting this weight from its abaolni* 
weight and dividing by its volume we obtain the density of the air. 

^ Schloesing studied the equilibrium of tlie ammonia of the atmosphere and of th« 
riven, seas, &c., and showed that the amount of the gas is interchangeable between Ihem. 
The ratio between the amount of ammonia in % cubic metre of air and in a litre of wat«r 
at C-OOOI, at lO^'-OOlO, al S5<'b0'040 to 1, and therefore in nature there is a st«to' 
of eqoilibriam in the amount of ammonia in the atmosphere and watsrs. 
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and hydrogen peroxide and nitrous acid (and iU ammonia talt), i.t. 
substances having a direct oxIdUing action (for instance, upon iodized 
starch -paper), but they are present in very small quantities." 

BeEides substances in a gaseous or vaporous state, ^' there is always 
found a more or less considerable quantity of substances which are not 
known in a state of vapour. These substances arc present in the air as 
dasl. If a linen surface, moistened with an acid, be placed in perfectly 
pure air, then the washings are found to contain sodium, calcium, iron, 
and potassium," Linen moisteneil with an alkali absorbs carlwnic, 
sulphuric, phosphoric, aud hydrochloric acidj. Further, the presence 
of organic subatancea in air has been proved by a similar ejcperimeot. 
If a gloss globo l>e filled with ice and placed in a room where are a 
number of people, then the presence of organic substances, like albu- 
minous substances, may bo proved in thfi water which condenses on the 
surface of the globe. It may be that the miasmas causing infection in 
marshy localities, hospitals, and in certain epidemic illnesses proceed 
from the presence of such substances in the air (and especially in wat«r, 
which contains many micrO'Organisms), as well as from the presence 
of germs of lower organisms in the air as a minute dust. Pasteur 
proved the existence of such germs in the air by the following experi- 
ment ; — Ha placed gun-cotton (pyroxylin), which has the appearance 
of ordinary cotton, in a glass tube. Gun-cotton is soluble in u mixture 
of ether and alcohol, forming the so-called collodion. A current of air 
^ Wbilat formed in the all these oiidising (ahitaiuwi (ttjO^ otoae and hydrogen 
peroxtde) ftt the luna time npidJf diA4])p«hr from il by Dxidising LhoBA BtlbBliupeB which 
Ueai{>«ble of being oxidiiad. Oving to thlBlnslabilitylbeirunomitivuyooniidimblj, 
tltd, w wcmld be elpeolsd, they are met with to ui apprsciible unoont In pun tit. irhilrt 
Ibebr WDODnt dooieMSs (onroin Ihe *ir el oitiaa, uid eapcciiUy in d»oUiug> where there 
ll ft ■muciranm at lubitaoaw capKble Hi oiidiution ud & minimuu of conditioBi fol the 
tORution ol luoh bodieH. There ia ■ causil i»nnwtien between tlie unannt of then 
■ubstuicei pnient ia the air uid ila pur^tj— tbiil ia, the mnount of foreign reiiduea of 
orgaiuB origin liibls to OkidAtion freunt in the air- Where there ie maoh of fttieh 
reaidvc) their uneunt nmit be uiult. When Ihey are preuat the imoaDl of orguiia 
lubatBDnea must bo usill, ki otlienrisa they would be dntioysd. For thii reuon 
■Sorta hiie bwa made to apply oione tor purifying Iha air by eroliing it by artifldal 
■Dsuu in the atmoiphere : for inalance, by paaiing ■ aeriei al elaotricat ipaika through 
the TentiTating pipes eoove jing air into a building. Air IbnaoHiniaed deetttiya by oiidation 
— that it, brings obont the combuetion at— tho organic toBidon pretent in the air, and 
tha* will serve for purifying it. For lime reaHini the air at citieq contains less oioua 
and aoob like oiidiiing agents than coonliy aic. Thia tonos the diilinguiihing; featars 
ol countr? air. Bowever, animal life CMinot eiist ui air containing a comparatiTcly large 

SI Amoogat thorn we may mention iodine and alcohol. C^O, which UOuti (ouod l« 
be alnaji present in air. the Mil. and water, dtbough in micnte traces only. 

» A portion ol tlie atmospherlo dust is ol cosmic origin ; thi« is nndoobledly prared 
by (he tbCt of ita containing metallic iron ai do meteoritea. Nordenaliibld found Iren ia 
the dost ooieiing snow, and Tiuaudier in avtij kind of ait, although naturally in vwj 
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wat pMMd through the tube for » long period of tiine, and the giAi 
eotton wai then disaolved in a mixture of ether and alcohoL As 
insoluble residue wm thus obtained which aotnally contained the geriM 
of organisms, as was shown bj mioroeoc^ical observationa» and bj their 
capacity to develop into organisms (mould, Ac) under ^voursUs 
conditions. The presence of these germs determines the propertj of 
air of bringing about the processes of putrefaction and fermentation^ 
that is the fundamental alteration of organic sabatances, which ii 
accompanied bj an entire change in their prq)erties. The appearanos 
of lower organisms, both vegetable and animal, is always to be remarked 
in these processes. Thus, for instance, in the process of fermentation, 
when, for example, wine is procured from the sweet juice of grapes, a 
sediment separates out which is known under the name of lees, and 
contiuns peculiar yeast organisms. Germs are required before these 
organisms can appear.^® They are floating in the air, and fall into the 
sweet fermentable liquid from it. Finding themselves under favourable 
conditions, the germs develop into organisms ; they are nourished at 
the expense of the organic substance, and during growth change and 
destroy it, and bring about fermentation and putrefaction. This is 
why, for instance, the juice of the grape when contcdned in the skin of 
the fruit, which allows access of the air but Lb impenetrable to the 
germs, does not ferment, does not alter so long as the skin remains 
intact. This is also the reason why animal substances when kept from 
the access of air may be preserved for a great length of time. Preserved 
foods for long sea voyages are kept in this way.^* Hence it is evident 
that however infinitesimal the quantity of germs carried in the atmo- 
sphere may be, still they have an immense significance in nature.^' 

Thus we see that air contains a great variety of substances. The 
nitrogen, which is found in it in the largest quantity, has the least 

^ The idea .of the spont&neont growth of organisms in s aoitable flMdiom, althon^ 
•till ai>held by many, hat since the work of Pasteur and his followers (and to » oertMa 
extent of his predecessors) been discarded, because it has been proved hofw, wh«n, and 
whence (from the air, water, Ac.) the germs appear ; that fermentation as well a« infee* 
iious diseases cannot take place without them ; and chiefly because it has been shown thai 
any change accompanied by the development of the organisms introduced may be bron^i 
about at will by the introduction of the germs into a suitable medium. 

*^ In further oonfirmation of the fact that putrefaction and fermentation depend oa 
l^erms carried in the air, we may cite the circumstance that poisonotM ■nbtUnoM ds- 
ftroying th^ life of organisms stop or hinder tho appearance of the above proneiiee 
Air which has been heated to redness or passed through sulphuric acid no longer contains 
the germs of organisms, and loses the faculty of producing fermentation and putnfaolioB. 

^ Their presence in tl^ air is naturally due to the diffusion of germs into the aimo^ 
sphere, and owing to their miorosoopical dimensions, they, as it were, hang in the air in 
virtue of their large forfaoei compared to their weight In Paris the amount of dnsl 
•uspended in the air equals from S (after rain) to 88 grams per 1,000 cjn. ol air. 
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bifineaM on tbote proceu«a which are «ccoiiiplish«l by the action at 
kir. The oxjgeo, which is met with in a. lesser qu&atity than the 
nitrogen, on the contraiy takes a very important part in a number of 
reactioni ; it (app(»1« comboition and reipiratioo, it brings about 
deoomposition and everj proceu of alov oxidation. The part plajed 
by the laoiiture at air is well known. The carbonic anhydride, which 
is met with in atiil smaller quantities, has an immense significance in 
nature, inasmuch aa it serves for the nourisliroent of plants. The 
importance of the ammonia and nitric acid is very great, because they are 
the soorces of the nitrogenous substances comprising an indispensable 
element in all living organisms. And, lastly, the iufinitestmal qaaotiti^ 
of germs also have a great significance in a number of processes. Thus 
it is not the quantitative but the quaUtative relations of the component 
parts of the atmosphere which determine its importance in nature." 

Air, being a mixture of various substances, may suSer considerable 
cAanjrsf in consequence of incidental circumstances. It is pnrticularly 
neoessary to remark those changes in the composition of air which take 
place in dwellings and in various localities where human beings have 
to remain daring a lengthy period of time. The respiration of houan 
beings and animals alters the air." A simitar deterioration of air is 
produced by the iuQuence of decomposing orgaoio substances, and 
especially of subetanoee burning in it." Hence it ia aeoessary to have 



. Far sumpt*, lh« piadDm 



•nd dlij La U* Hil Uktt liudlf uj ohemtciil put in the Moneiay at the Kil in napMl 
to tbc Dooiiiluiwat of ptoota. Tba pluili by Ihaiz nwi* ttitb lot iab*tui«ai>luoh u« 
■^''t"*f4 in oompmtiTolT mull qoutitiea in the toil. II > luge qouiUtf ol theH 
ben Uu pluiti will not denlop in Uu eoit. juit m 

braUking bnnii ^bont 10 gmns ol cuban p«r hou — Uut », he proiiaoe* 
grkjOH. or (ifl 1 eab.m. of oKiboiuc uihjdnd« w«igba kboai S,000 grtjuj hbonl 
ou-bonic wiIiTdhde. Ths lui comiiig Irnra the ItiDgi eontkini 4 px. of uiboiuD 
bj voloma. Tha uhkled kii iicti u • dirMi poiwo, owing la tbia gu ud to 



Uw twae v»j «« tnpiAtioa. In the btming el 1 kilogrvn of atavin oandlai, SO eubig 
matni o[ ut ue chsngod u by mplntion— tb>l ia, * pA a[ caibonio anhydnde will bo 
formad in thia valoma of air. The reapiration ol auimalaaodsthalatiauafnun thotzekiaa. 
Mid MpaoiaUy from the intaatiuea and the eicrementa and the traiufoimationi laldiig 
fUet in them. eODlwaiiula tba air to a still ^realec silent, beoaau Ihey introduu other 
volatile anbatanoea baaidea cftibonic anhydride into the ^ir. At tht oame time tiial 
uarbonJo anhydride ia fonned the amoont ol oxygen in tba au daoraaaea, and tb«a ia 

noticeable in [^■■'"j from l»ah air into a oonfined ipaoa full of inch adulterated air. 
da reaearohea ol Sdiinidt and Lablano and oltura abow that eves witb 90-fl p.a. ol 
osygeo (instead ol S0» p.o.), whan the dimionlion ia dne to raipirmtioo, air beoeosa 
ootioeably leaa Bt lor tetpintion, and that tba heary tealiog eiperienaed in an(4i alt 
bunaaaa with a leaaer peroanlaga of otygea. It ia dilEaull to remain lor a law niinataa 
p.o. ol oiygeiL Thaaa obsamtiotii wan obiefly obl&ined b) 
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regard to the purification of the air of dwelliligs. The rAD«wal ol air, 
the replacing of respired by fresh air, is termed ' TentiLation,' ^ and the 

obMnratioiU on the air of difiereni mkam^ al different depihe below the toriaee. The 
air of theatres and buildinga full of people also prores to contain leaa oxygen ; it was 
found on one occasion that at the end of a theatrical representation the air in the stalls 
contained 20-75 p.c. of oxygen, whilst the air at the upper part of the thaatre contained 
only 80*84 p.c. The amonnt of carbonic anhydride in thit air may be taken aa » measat 
of its parity (Pettenkofer). When it reaches 1 p.o. it is very diiBenlt for hnman beings 
to remain long in such air, and it is necessary to set up a rigorooa Tentflation for the 
remoTal of the adulterated air. In order to keep the air in dwellings In » unifoanly good 
■tate, it is necessary to introdoce at least 10 cubic metree of fresh air per boor par 
person. We saw that a man exhales about five-twelfths of a cubic metre of carbonic anhy* 
dride per day. Accurate obeervations hare shown that air containing one-tenth p.e. of 
exhaled carbonic anhydridc.(and consequently also a corresponding amount of the other 
iobetances evolved together with it) is not felt to be oppressive ; and therefore the Ave* 
twelfth cubic metres of carbonic anhydride should be diluted with 480 cubic metres of 
fresh air if it be dosirod to keep not more than one-tenth p.o. (by volume) of carbcois 
anhydride in tho air. Hence a man requires 480 cubic metres of air per day, or 18 cubio 
metres per hour. With the introduction of only 10 cubio metres of fresh air per person, 
the amount of carbonic anhydride may reach one-fifth p.c, and the air will not then beef 
tho requisite froBhnosa. 

** The ventilation of inhabited buildingfn is most necessary, and is even indispensahle 
in hospitalft, schools, and similar buildings. In winter it is carried, on by the eo-callad 
caloriilers or stoves heating tho air before it enters. The best kind of calorifiers in this 
respect are those In which the fresh cold air is led through a tterieB of pipes heated by 
the hot gases coming from a stove. In ventilation, particularly during winter, care is takei 
that the inooming air shall be moist, because in winter the amount of moisture in the 
air is very small. Ventilation, besides introducing fresh air into a dwelling-place, must 
also withdraw tho air already spoilt by respiration and other causes — that is. it is neces- 
sary to construct cliannels for tho escape of the bad air, besides those for the introductioa 
of fresh air. In -ordinary dwelling-places, where not many people are congregated, the 
ventilation is conducted by natural moans, in the heating by fires, through orevioeSi 
windows, and various orifices in walls, doors, and windows. In mines, factories, and work* 
rooms ventilation is of tho greatest importance. 

Animal vitality may still continue for a period of several mmutes m air containing up 
to 80 p.c. of carbonic anhydride, if the remaining 70 p.c. consist of ordinary air; but r#i»pi- 
ration ceases after a certain time, and death may even ensue. The flame of a candle 
is very easily extinguished in an atmosphere containing from 6 to p.c. of carbonic anhy- 
dride, but animal vitality can be sustained in it for a somewhat long time, although tlie 
effect of such air is eicecdingly painful even to th^ lower animals. There are mines in 
which a lighted candle easily goes out from the excess of carbonic anhydride, but in which 
tho miners have to remain for a long time. The presence of 1 p.c. of carbom'o oxide it 
deadly even to cold-blooded animals. The air in tho galleries of a mine where blasting 
has taken place, is known to produce a state of insensibility resembling that produced by 
charcoal fumes. Deep wells and vaults notunfrequently contain similar substances, and 
their atmosphere often causes suffocation. The atmospheres of such places cannot be 
tested by lowering a lighted candle into it, as these poisonous gases would not extinguiah 
the flame. This method only suffices to indicate the amount of carbonic anhydride. If 
A candle keeps alight, it signifies that there is less than 6 p.c. of this gas. In doubtful 
cases it is best to lower a dog or other animal into the air to be tested. If CO} be very 
carefully added to air, the flame of a candle is not extinguished (although it becomat 
very much smaller) even when the gas amounts to 18 p.o. of air. Researches made hj 
F. Clowet* (1891) show that the flames (in every case | in. long) of different combustibl* 
substances are extinguished by the gradual addition of different peroentagea of nitrogen and 
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oioral of foreign and injurioua admiitarea from t 
'dialnfMtion.'" The acoumulation of all kinds of impurities in the 
air of dwellinga and citiea is the reason whr the air of mounteitis, 
forests, seas, and non-niarebjr localities, covered «ith v^tation or snow, 
is distinguished for its freshness, and, in all reBp«ctd, beneficial actios . 
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««pec[. uid hydroesn 




thDH) in irliich Ihs 



SuBM of other comboilible gum uv ettingaiahed ; ths Svne of msthue CH, ii Uis 
moat euit J a>luipiuh«d. llie psio«Dtaga of oitrogeD uwy bo g»at«r Ihu that, of C0(. 
Tbii. logelhar with the [uC that, nndei th« abovs liicomituicci, tbe Stmt of ■ go* 
twton goisg out beoomeB fainter nnd uiar«»> Id «iio. Menu to iiidiats that Um duel 
reubn for tbs extinclion of Uie 9une i> the UU In its tampelMBni. 

o DiaarsDt ao-called diBiiit«tiint> paiitj tbe air, and prtrent the injiuioni acUcm ot 
^ertaui ol it* wmpoDenta by changing or doatroyioff Ihem. DiainfectiOD ia mpvoiaJlj 
neoeuary [□ thois plaoH where a coaBidenble uDoont o! voUtiU entHtuicM an 
atoItcI into the jir. aod where orguiie HnbatuicDa arQ decompouvl; for initanoo, 
In hojpila]!, oIo»t>, 40. The nomerna* diiiafectanU are of the most varied n»tore. 
Tbey may. be divided into oxidising, uitiaBptie, and abHibect anbaluicH. To the 
aiidimng vubslaiicee nied for dieiflfeotioo beloog chlorine, and Tarioui lubHloDcei 
•Tolving it, becaoH cUotuie in Che preHDoa of wMer otidiMi tbo nxajority of organio 
■nbBtancee, and this ra why chlorine ii used Ai a diainreclant for Siberian pia^ei. 
FDrtber, to tbi> cliu belong the penuanganatei of tbe alkalis and psroiide of bydrogen, 
aa enbatonaoB easily oxidiaizig inatterfl diuoWed fa water; tbete siUli are not Tolatiie 
Uke ohlorinc, ted therefore act much more alowly, ujd in a much mon limited epliere. 
Anlueptio (atxlanceB are thote whiob coi>Tert orgaoic snbitanoet into aueh aa are littla 
prone to change, and ^ireveDt pa^faotion and fcnneDtation- They moat probably kill 
tbe genu of oTganiBUia occurring ia miaamata. The moat impoiteut of these soliftancea 
■n cnoeoto and phenol (caibolic acid), wliich occur in tai, and ut in preHrring smoked 
uaat. Phenol i* a anbetance lltlW tolDble in water, volatUe, oily, and hating ths 
ohmcterlstie uoell of smoked objecti. Ita iictioB aa animtlt in conaiderable qaanlilita 
to injnrioai. bat in small quantities,. nMd is the form of a weak aolntion, it prerants Uw 
change of ojumnJ mati^r^ The imell q| privies, i^cb depends on tbe change of eicr» 
auntal mutter, may be easily temored by laeaiii ot chlorine or phenol Salieflie add, 
tbynMil, common tor, aad especially its eolation in alkalis as proposed by Nanaky, ttc^ 
•n sleo nbatascet having the same properly. Absorbent sabstanrvs are of do leas 
^0 preceding two cluseaof disinfectJtfttA, 



femu gases uid vaponti emitted during ] 
■blphnretted hydrogen, and other volatile coi 
^■rtain sail) Df iron, gypenoi, salts ot magnes: 
'mould, and day. QDCsUona of disinfection 
SBiotu problems ot common life and bygiei 



only to givt 



t short oatlln* at tbaii MUu*. 



pounds. To this class belong diaraoal, 
., and similar aabstacces, a* well aa peat, 
ami ventilation appertain to the DUMt 
These qn«*lioiia an *o vHt that wa u* 
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CHAPTER Vr 



TBI eOJIPOUHOS OP KtTROOEK WITH HTDBOOUI AXD OXtOEt 

In the Uit chapter we law that nitrogen does not direetlj combios 
with hydrogen, but that a miitnre of these gaae* in the praaence tt 
hTdrocblorio add gaa, HCI, 
tonna anuuoniiun chloride, 
HH,CI, on the paeaage of a 
aerieaot electric aparki.' la 
anunoniDm chloride^ HCI ia 
combined with NHj, oon- 
aeqnentlr N with H^ fbnna 
amiiionia.* Almoat all the 
tiitiVffenout tvbitarteet o/ 
plants and animalU evolvs 
ammonia when heated witb 
ri>m>. an alkali. But even irithont 




^/'7l» the 



of 



all events partiftlly.i 
Bucb asukina, bones, 



the majoritj of nitrogenooi 

Eubttances, whendecompoeed 

_^ _ or heated with a limited 

niuTH dwiMd uiM gappiy of air, erolve their 

nitrogen, if not entirely, at 

the form of ammonia. When animal anbatancM 

ash, hair, horns, kc, are heat«d without aooeaa of 



ibt toTTulicm 



>ni» in the lii, witer. and lail pnweedi Irom tba dsoompaution of lb* 
»tuc«a ol pluti ud iwiiiult, ud iJu prolwbl; fioa tb* MdmUoo dt 
«u& II Klvaji formed m th« m>tui0 oT iron. lU fonoAtion in thu okM 
mbftbilitj on (he deoompoailioii of ireiflr, «]ul on the MiioD of Ibeb^dzo- 
It ol iU eTolntioD on Uw nitric Mid oonbUned in the ui (Cloa), or M 



nitrite, wbioh lAkua pl*o 



mderni 






if TkpoDn ol unmonin oompound* !■ KiaietimH obearred is 
TolcuMi. At a led heat nitrogen oombiiieicUnotlTi'ithBCftHgiUidTitliinuroibw 
metU*, and iheee oompoondi, vbeo hwted vitta ■ auitio alkali, or in the pcennee ol 
nter, f(l*e ammonia (*M ChapUr XIV.. MoU II, and Chapter XVn, Not* IS). TUm 
are eiampiei ol the isdirwt oomblnation ol nitrogen with fajdrogan. 

' II a lilvBl aiuiaige or a MciM ol eleotrio tftrkt b« puMd (hrovgb Hanwnia p^ 
It I* deoompoMd Into nitrogen and brdrogeo. TU* li a pbanomsnoD of diuooUUoni 
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we In iron retorts— ttftjr undergo what ii termed dry distUlation, A 
portion of the resultant aubstsnceB remains in the retort and forms a 
carbonaceous residue, whiUt the other portion, ia virtue of its volatility, 
eicapes through the tube leading from the retort. The vapours given 
off*, on cooling, fopn a. liquid which separates into two layers ; the one, 
which b oily, is composed of the BO-called animal oils {oleum animole) 
the other, an aqueous Ujer, contains a solution of ammonia salts. If 
this solution ba mixed with lime and haat«d, the lime takes up the 
elements of carbi>nic acid from the ammonia salts, and ammonia is 
evolved a9 a gas.' In oneieut times ammonia compounds were 
imported into Euiopo from Egypt, where they were prepared from the 
aoot obtained in the employment of camels' dang as fuel in the locality 
of the temple of Jupiter Amnion (in Lybia), and therefore the salt 
obtained was called 'Eal-aiiimoniacale,'from which the name of ammonia 
is derived. At the present time ammonia is obtained exolusivelj, on a 
large scale, either from the producta of the dry distillation of animal or 

rkB io not (oL&lljr dDDompOM Iba unmomi, bnt leave m certeio 
One Tiiliun* ol nitrogen md tbreo Tolomai ol hfdrngeii ue 

IB* ol ammonlBdecoiopaHid. BomuT ud Toungfieei) iDvuitl. 

o[ NH, under the Bction of beit. uul ebtrwed Uul ni £00°, I| pji. 

ibont IB pjs., et BOD° flfi pjc,, liiit (hen ceiulu weie bv^j but 
' eonUel.' The frtttaco of l»e itmmoiilii — tliat li, uumoim sot 
-ID t e" <" •qoeoui Klotion nuy be recogniisdbj iti ehivuteilrtuT 
jDooii wlti da Dot poiieu thi* amel]. Howe'V, on the additloD 
V, cMutio lime, poteAh, or sodA), (hoy et 



«w- 



portioD ondecon] 

gated the decamiUHiti 
!■ decompoHd, 
from the inflnencf 
eembined with acit 

ol ID ilkiJj (For inituioe, uuetio lime, potuh, or aoda), (hoy eTolTeamiDonle gas, ecpeoIiU; 
when heated. Tlie pTeoenoe of ammonia may be ro&de viaibta by introduciog a iqb- 
etanoe moiitoned wilh ttnng hydrDChloric acid into ite neighbanchood. A white dood, 
DT Tiuble Hhlle Tapour, (hen makei ita appeaiaiio*. Thii d«pendi on the fact that both 
aouDOnia and hydjochlono uiii ure TolatUe, and on ooming Into oontacl with each other 
produoo lolid aal-ammooiae, NB,C1, which lormi a elond. Ttiii te<t ■< ninally mads by 
dipping a glai> rod into hjdrochlorie acid, and balding it over the vohcI ^m xhiah the 

worthy, h the white vaponr ia aranwly obBerrable. In tliii oaae it ii bnt to lake paper 
moietensd with meionRjui oitiate, EgNO]. Tbi* paper (nma bUcJi in the pnMBM 

oiide. Tho unaUeit baoee of ammonia (for inUanne, in rivet wat«| may be detooMd 
by moaoft of the ao-Mlled Keialer'a reAgcnt, ccntalning a aolntioo of mercuric chUiride 
and potaeiiam iodide, wbiob fornia a brown coloration or precipitate wilh the ■maUeai 
qnaatiiien of anmoBia. It will be uiefnl here to give the thennoK^hamical datA (in 
thoneosdi of unite of beat, according to Thonuen), or the qoantttiea of heal nialv*d in 
(he toRoatioQ of ammonia and ite oompoondi in qnantiltei eipcened by ttiDir lormoln. 
Thus, tor Inrtance, (N + Hj) Ml indieatei that 14 grami ol nitrogen in oombining wilh. 
grama of hydrogen dovolop nffioienl heat to niae the IcmpentnTV of US'? kdogmmi of 
water V. (NH] + dH.,0) S't (heat of eolntionll (NEj.nBiO 4- HCUiHiOt US] 
(N + H.tCI)90-e; (NH, + HaHl'B, 

* The anine ammonia water is obUned, although in amallcr qoantitiea, in tha 
dry dialillalion of planta and of ooal, which conalaU ot the remajni ol foaul pUoM< 
In all theec caiee the anunooia pnxsedi from Uu dettracUon of the oompUn <ultogei>0«> 
nbatancea occurring ia jiUali uul "■'"'»'»- The ammonia ulta wuplojed in the wta 



AbjOi 
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«tg«tabl0 pefaM,frani urine, or from tbeuamoiuu:*] liquors ccJlMUda 
the dMtrnotire dutiUation of coal for the prepantioo of mmI gu. Tlu 
"■)"""""■' Uqoor u pUc«d in & retoH witli liiii« and b«at«di the 
unmottik i» then «val*«d together wiUi Kte&m.' !□ the &rt*, onl; i 
nuoll lunonnt of amipoiuft i«uied in a fre« slaM — that ia, in an m)u«ou 
aolntion ; the gT«ftt«r portion of it ii oonverf^d into diflereot nlU 
having technical nee^ eq>MiaU7 cal-ammoiuAC, N'U^Cl, uid aumoniiun 
nlphttet (NH,),80,. They are salice subatancea which are fanned 




- - - . ^. .^ -■- ^-_-^ -^^ iHCwMUeaBMHUnV. TiM ^ 

Mt Mnb pHi tn* On Ml« C, IbiMtb n« talM T, loM S> Mlbt 0? tad Oa iBlA C bS 



becauie ammonia, NHj, combine* with allacida, HX, forming a 

I, NH,X. Sal-ammoniac, NB,CI, is a compound of ammonia with 
bjdrochlorio acid. It is prepared by pauing the TUpoan of ammonia 
and water, evolved, aa above dMoribed, from Eunmoniacal liquor, into 
an aqueooe eolntion of hydrochloric acid, and oa evaporating the 
solution sol-ammoniao is obtwned iu the form of soluble crystals* 

* Ilia t-»lnii«l ipatbodi toi Uw preptnlitiD dI unmouu ntlor, uii lor Ih> aitnatlm 
of «min"rrtti (roni it, *n M > otrtuii «tt«nl cipUised iu tha flgimi aocompuijrliig lk> 
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resembling oomtkion salt in appearance and properties. Ammonia mij 
be very easily prepared from this tal-ammoniaOf NH4OI, as from any 
other ammoniacal salt, by heating it with lime. Calcium hydroxide, 
CaHtOf, as an alkali takes up the aoid and sets free the ammoniai 
forming calcium chloride, accofding to the equation 2NH4Cl-HCaH/>g 
.as 2HsO + CaClji + 2r>J H^ In this reaction the ammonia is evolved as 
agas.^ 

It most be observed that all the complex nitrogenous substances of 
plants, animals, and soils are decomposed when heated with an excess 
of sulphuric acid, the whole of their nitn^gen being oonverted into 
ammonium sulphate, from which it may be liberated by treatment with 
an excess of alkali. This reaction is so complete that it forms the 
basis of Kjeldahl's method for estimating the amount of nitrogen in its 
compounds. 

Ammonia is a colourless gas, resembling those with which we are 
already acquainted in its outwa^ appearance, but clearly distinguishable 
from any other gas by its very charaoteristio and puQgent sineU. It. 
irritates the eyes, and it is positively impossible to inhale it. Azdmals 
die in it. Its density, referred to hydrogen, is 6*5 ; hence it is lighter 
than air. It bebngs to the class of gases which are easily liquefied.' 

^ On tk nniJl aeale tmmcaam tn&j he pnptaeA in * ^ms flftsk bj mixing equal parte 
by weight of alaked lime and ftnely-powdered aal-ammoniao, the neok of the flask 
being connected with an acrangement for drying the gae obtained. In this inBtanoe 
neither calcium chloride nor sulphuric aoid oan be tiaed for drying the gas, since both 
these substances absorb ammonia, and therefore solid oanstio potash, which is eatable of 
retaining the water, is employed. The gae-ooudueting tube leading from the desiccating 
apparatus is introduced into a mercury bath, if dry gaseous ammonia be required, because 
water cannot be employed in collecting ammonia gas. Ammonia was first obtained in 
this dry state by Priestley, and its composition was investigated by Berthollet at the end 
of the last century. Oxide of lead mixed with sal'smmoniao (Isambert) eTolres ammonia 
with still greater ease than lime. The cause and process of the decomposition are almost 
Ithe same, SPbO+2NH4CI»PbsOCl9-i-H90+fiNH8. Lead oxychloride is (probably) 
formed. 

X This is evident from the fact that its absolute boiling point lies at about 4- 180^ (Chap, 
ter H, Note 29). It may therefore be liquefied by pressure alone at the ordinary, and tcrea 
•t much higher temperatures. The latent heat of evaporation of 17 parts by weight 
of ammonia equals 4,400 units of heat, and hence liquid ammonia may be employed 
for the production of cold. Strong aqueous solutions of ammonia, which in parting with 
their ammonia act in a similar manner, are not unfrequently employed lor this purpose 
Suppose a saturated solution of ammonia to be contained in a closed vessel furnished with 
^ receiver. If the ammoniacal solution be heated, the ammonia, with a small quantity 
of water, will pass off from the solution, and in accumulating in the apparatus will 
produce a considerable pressure, and wiU therefore liquefy in the cooler portions of the 
receiver. Hence liquid ammonia will be obtained in the receiver. The heating of the 
vessel containing the aqueous solution of ammonia is then stopped. After having been 
heated it contains only water, or a solution poor in ammonia. When once it begins to cool 
the ammonia vapoura commence dissolving in it, the space becomes rarefied, and a rapid 
▼aporiaation of the liquefied ammonia left in the receiver takea place. In evaporating in 
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Fuvday employed the following metiiod tor liqaefjring i 
Ammonia when pa«ied over dry silver chloride, AgCl, ia absorbed b;r it 
to a. considerable extent, especiall]' at low temperatures.' Tho «olid 



ud on nwllBg it ditainjihai, u Ib^l b«» hmt dinallr tipUeu mMluBlckl work. Thl* 
it th* piiDcipl* of tlw liiaplait (snni ot Currfi itt-mthng matJuiM, ■ho*n In fl(. M. 
C !■ • thhI Dwd* ot boilvr pUt« into wluoli tbo ntnnted ulatiaa ol a mman ii i* 
pMindi ••■ iaalutw nmdoc^ing the unmonii Tapani to tha ncainr A. All pula o( 
Iha ftppualua nbould b« hannalicklly joined losaUut, and •honld b* Kbla to wiilutukd 
* imaanra rMchinv <*>> >lmoi[>taar<a. Tb» tppknliu abonld b* tnad (ram aif. whk^ 




toUowa:— Tha appantua ia firat ao iDclioed tbat apt liquid rfijnun^ag in A mmj flow 
Inlo C. Tha naaal C ia ttwn placed upon » ItOTa F, uid hsaled unlil tha thannomctat t 
Indioalaa a Mnputlms ol IBO^C. Durinj thialim* tha wiimoniahia bean eipeUed (nuo 
C, and hai liqDofled in A In onlar to raolliUM tha liqoatution, th* ceosiTer A tbodld 
ba hnmoraad in a lank of Balar B <ih the lalt-hasd dmring in Gg. ((), Ufa abonl 
ball an hoar, whan il niaj ba luppoaad that the Baunonia haa baea upaUed, tha fir* U 
ctDiDnd rram itndai C, and thii u now tnuocntidhithetaakDl vaterR. The tf 
i* rapnaaotiij In Ihiapoaltion in theri(h(-hand dmrini; or fig. U. Tha 
Iban avaporatsa, and paaaaa over into Ibe walei In C, Thi*caua«i 
ol A to Ul DonBidcrabl]'. The aabitanoa to be relrigcnlad ia plaiw] in a tiKid O, in Ih 
ojlindrldal ipaoa iniide the recaltei A. Tb* retrigeialion la ijao kept on [oi abont ball 
an Lour, and with an apparatua of ordinary dimonvonB foontaining about two UlrM 
ol ammonia aolution), fire kilogruaa ot lu ara produeed bj the cooBUmplion of on* 
kiloftnun ot NwL In iadnilrial worki mote complioated Ijpea ol Can6't mochmoa ar* 
employed. 

■ Below IE' (aoFordlng to laambertl, tlia Fompoaiid AgC1.8NH} is formed, ud abtrra 
Vf the oomponnd tUgCl.gNU,. The t<-ii^n of the ammonia arolred from Uia latMr 
aabatanoa ia equal to the atmoapturio praaauia al SS", whilat [or AgCI,U{% tte 
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compoand AgCl,3NH3 thus obtained is introduced into a bent tube 
(fig. 45), whose open end e is then fused up. The compound is then 
slightly heated at a, and the ammonia comes off, 
owing to the easy dissociation of the compound. 
The other end of the tube is immersed in a freez- 
ing mixture. The pressure of the gas coming off, «^^ ^ 
oombined with the low temperature at one end of F<o. 45^Tbe uqueftujuon oi 

. , , • « « ammonia in a thick bent 

the tube, causes the ammonia evolved to condense erian tube, a oompoand 

. . f •* • V i_ * •* ti X i At 11 o' chloride of ailver and 

into a liquid, m which form it collects at the cold ammonia i« piaoed in th* 
end of the tube. If the heating be stopped, the then naTed up. 
silver chloride again absorbs the ammonia. In 
this manner one tube may serve for repeated experiments. Ammonia 
may also be liquefied by the ordinary methods — ^that is, by means of 
pumping dry ammonia gas into a refrigerated space. Liquefied 
ammonia is a colourless and very mobile liquid,' whose specific gravity 
at 0° is 0-63 (E. Andr^ff). At the temperature (about - 70°) given by 
a mixture of liquid carbonic anhydride and ether, liquid ammonia 
crystallises, and in this form its odour is feeble, because at so low a 
temperature its vapour tension is very inconsiderable. The boiling 
point (at a pressure of 760 mm.) of liquid ammonia is about —32*^. 
Hence this temperature may be obtained at the ordinary pressure by 
^e evaporation of liquefied ammonia. 

Ammonia, containing, as it does, much hydrogen, is capable of 
eomlmsti&n; it does not, however, bum steadily, and sometimes not 
at all, in ordinary atmospheric air. In pure oxygon it bums with 
a greenish-yellow flame, ^^ forming water, whilst the nitrogen set free 

preranres are eqaal at about 20°; consequently, at higher temperaturee it is greater 
than the atmospheric pressure, whilst at lower temperatures the ammonia is absorbed 
and forms this compound. Consequently, all the phenomena of dissociation are here 
dearly to be observed. Joannis and Croisier (1894) investigated similar compounda 
with AgBr, Agl, AgCN and AgNOj, and found that they all give definite compoOnda 
with NHj, for instance AgBr,8NH5, aAgBr.SNHj and AgBr,2NH3 ; they are all colourless, 
M^ substances which decompose under the atmospheric pressure at + 8*5, ^ 84° and 
♦ 610. 

* The liquefaction of ammonia may be accomplished without an increase of preseura, 
by mean* of refrigeration alone, in a carefully prepared mixture of ice and ealdom 
chloride (because the absolute boiling point of NH3 is high, about -f- 180°). It nuiy even 
lake place in the severe frosts of a Bussian winter. The application of liquid ammonia 
M a motive power for engines forms a problem which has to a certain extent been solved 
by the French engineer Tellier. 

^ The oombustion of ammonia in oxygen may be effected by the aid of plattnum. 
A amaiU quantity of an aqueous solution of ammonia, containing about 90 p.o. of the gaa^ 
to poured into a wide-necked beaker of about one litre capacity. A gas-conducting ioba 
about 10 mm. In diameter, and supplying oxygen, is immersed in the aqueous solution of 
ammonia. But before introducing the gas an ineandeacent platinum spiral is plaoed in 
the beaker; the ammonia in the pieaenoe of the platinum is oxidised and buma, whIM 
tfM plaftiniim wire bMOOMi ttOl move faiMiideaoeni. The aolvtionol ammonia ialiialedy 
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gives it! oxygen oompoundi — ^thfttliyOzidet of nitrogen. Thedeeompoil. 
iLoD of ammonia into hydrogen loid nitrogen not only takes f^aoe at a 
red heat and under, the aotion ci electrio aparka, bat also by meant of 
many oxidiiing subetanoes ; for inetance^ by paaiing ammonia through 
a tube containing red-hot copper oxide. The water thai formed may 
.be collected by subetancea abiorbing it| and the quanti^ of nitrogn* 
may be meaiured in a gaaeooa form, and thus the oom p oaition of 
ammonia determined. In this manner it ii Teiy easy to pfove that 
ammonia contains 8 parts by weight of hydrogen to 14 parts by 
weight of nitrogen ; and, by Tolnme^ 8 toIs. of Jiydrogen and 1 vol. ojf 
nitrogen form 2 vols, of ammonia.*^ 

Ammonia is capable of combining with a number of «abetanoe% 
forming, like water, substances of varioos dc^grees of stability. It is 
more soluble than any of the gasss yet described, both in water and in 
many aqacoos solutions. We have already seen, in the Urtt chapter, 
that one volume of water, at the ordinary temperature, dinolves about 
too voIb. of ammonia gas. The great solubility of ammonia enables it 
to be always kept ready for use in the form of an aqueous eolation,** 

Mkd oxygen pMMd throogh Um tohitioo. TbeoKygtOyMiibabblMoff froknUMaiimiQnk 
•olatioD, oArriM with il a part of the >minani% and Ihit mixtar* cxpIodM on comiBg 
into ooxxtftot with the inoftnde«o«Dt pUtinom. This is followed by * oertain cooliog 
•fleeti owiz^{ to the oombaiUon eeeetng, but after a ehorl interral thit-ie Mnewed, to 
Ihel one feeble explocion follow* efter Miotber. During the* period of osideticn without 
ezploeion, white T»poart of emmoniimi nitrite and red-brown Tftpovri of oxidei of nitrogen 
mftke their appeMranoe, while during the exploeion there is oompltte oombnetion end 
eoneeqoently water and nitrogen are fooned. 

1^ Thie may be ▼eriiied by their deneitiet. Nitrogen is 14 times denser than hydro, 
gen, and a mmo nia is 8| times. If 8 Tolunes of hydrogen with 1 Tolune of nitrogen ga^ 
4 Tolomes of ammonia, then these 4 rolomes would weigh 17 timee as muoh as 1 Tohune 
of hydrogen ; consequently 1 volume of anmionia would be 4^ times hearier *K^« the 
same volume of hydrogen. But if theee 4 volumee only gire 8 Tolumes of >««»~%n^^ 
.the latter will be ^ times as dense aa hydrogen, whioh i* found to be actually the 



^ Aqueous solutions of ammonia are lighter than water, and at 16^ taking water ai 
<*■ 10,000, their speoiflo gtarity, as dependent on j9» or the peroentege amount (by 
weight) of ammonia, is given by the expression • > 9.0M - 49*5|> + 0*21p* ; for «»irtan w , with 
10p.o.«>0^7. If I represents the temperature between the limits of -i-lO^and +90^, then 
the ezpresuon (15—0 (I'^-i^O'Up) must be added to the formula for the spedfio gravity. 
Solutions conUOning more than 94 p.c. have not been suifioiently investigated in resped 
to the variation of their specific gravity, It is, however, easy to obtain more concentrated 
solutions, and at 0^ solutions approaching NHs^aQ (48-6 p.c. NHj) in their composition 
and of sp. gr. 0*85, may be prepared. But such solutions gi?e up the bulk of theit 
ammonia at the ordinary temperature, so that mors than 94 p.c. NHj is rar«iy contained 
in solution. Ammoniaoal solutions containing a considerable amount of ^»^t*i/y^ i^ g{^ 
ioe-like crystals which seem to contain ammonia at temperatures far below QP (for *"«^mtir^ 
an 3 p.c. solution at - 14°, the strongest solutions at -46°). The whole of the >mww^t^ 
may be expelled from a solution by heating, even at a comparatively low temperatur* ; 
hence on heating aqueous solutions oootaining ammonia a very strong solution of 
ammonia is obtained in the diit^la^. Alcohol, ether, and many other liquids am also 
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which la oommerciallf known u $pirilt o/haTtthrrm. Ammonia water 
is continnally evolving ELmmoaiacal vapour, and so has the characteriatio 
ainell of ammonia itseU. It is a veiy characteriatio and important fad 
tiiat ammonia has an alkaline reaction, and colours litmus paper hiae, 
joat like caustic potash or lime ; it is therefore sometimes called eajutic 
emmonia (volatile alkAli). Aoida maj be saturated by ammonia water 
or gas in exactly the same way as by any other alkaU. In this process 
ammtmiacombinei direetly tnth aeidi, and this forms the most essential 

sapftblA of dnstJTiQg udmoDU- Solationiof unmonl^wlun expoied to tfae &tmoiph»r«, 
gin qA ft put of their ammonia in accorduc« wilh the law» of Iba golatlon of gaMi Id 
liqaidt, which we h>T« UreulT conaldeted. Bat the uaaiODluiil solutioni Bt Iha ums 
time abtorl) carboaic anfajdndfl fiom the ur, and auunoaium cfctbonate remaiDs [n th» 

Bolntioai ol ammonia are reqniied both tot Uboratory and f actoiy operationB, and haT» 
thenforfl to be frequentlj prepared. For thii puipoae the arrangement abown In fig. 4S 
ii employed In the laboratorr. In work) the Mme arrangement ia nsed, onlj on a larger 
Hale (with eacthenwBte ot metallio *e)ieli|. The gat la piepated Id the retort, from 




>— AppufluB for preparing Hli 



whence it ii led into the two-necked globe A, and then through a eetiee ol Wonlte'e 
bottlee, B, C, D, E. The impurities epuiting over oollect In A, and the gas is diaaolTid 
(n B, but the eolDtion soon becomea aaturaled, and a purer (waahed) ammonia paaeee 
oter into the following Teaaela, in which only a pnre ulntion i> obtained. The bent 
fcuinel tube in the retort preserves the appantna from the possibility both of the prea- 
■on of the gs9 evolred in it becoming too great (when the gas escapes through it Into 
the ait), end bJbo Irom the preaiure incidentally falling loo low (lor iuttSJice, owing to a 
cooling effect, or from the reaction stopping). If this takes place, the air piBsea into the 
letort, otherwiae the liquid [rom B would be drawn Into A. The safety tubes In es«b 
Wouire'a bottle, open at both enda, and irameraed in the liquid, aerve for the same purpose. 
Vithont them, in case ot an accidentsl stoppage in the evolution of so aoluble a gas m 
anunouia, theaolotion would be sucked from one vessel to another — for inataoce, from E 
Into D,.&e. lu order to clearl; aee the neceaaity lor tafelg tubri in a gas apparatus, 

•xoeed the ntmospherle preaiure by the height of the aum of the columna of liqsid 
thnjDgh which the gu ha* to pau. 



I 



3S4 



pbincipi.es of cremibtrt 



1 



diemlcftl rvftotion ot tfata tabsUoM. If •ulpbaric, nitric, untie, ot uj 
ttthtr »ci<l bo braaght into contact with Kmmoniti it timrbt it, ud It 
M doing ftvolvM A large amount of bwt and furnu k compmnd hxvon 
all the properties ot a salt. Thus, for eiaitaple, lulphnric »rid, H,SO„ 
in absorbing ammonia, formi (on avaporating the (olutiun) t*o alu, 
aceoHing to the relative quaotitiei of MDmonla and kH. One hK Si 
formed from NII, + H,80„ and conwqaently hu tbe eeoiporitiM 
NHjSOj.And the other \» formed from 8NH, + H,80j, inJitoMO- 
pocitionis thcrc>For«N|H,SO,. The former hu an acid readJoii ud tlie 
latter a neutral rijiaotion, and the; are called reipec^velyacid tmnwiim 
sulphate (ammonium hydrogen sulphate), and Bomutl sDiciODlim 
snlphate, or simply ammonium sulphate. The tame uhes plue in lb* 
action of nil other acids ; but oorUin of them are nblo to torn nonwd 
Ammonium saltsonly, whilst others glveboth acid and nonulsmmoalui 
salts. This depends on the nature of the acid and not on the smmwiii, 
as we shall afterwards see. Ammonium salts are very similarin appt&r- 
«nc« and in many of their propoities to motallio salu ; lor iniUuce, 
sodium chiorido, or tnble suit, roMmbles sal-ammoniac, or ammonium 
chloride, not only in its outn-ard appearance but even in crj-rtallint 
form, in ita property of giving precipitates with silver salts, in iU win- 
bility in water, and in fts evolving liydrochlorlo acid when heated with 
sulphuric aoid — in n word, a most perfect analogy ii to bo rcnarlioJ 
in an entire series of reactions. An analogy in composition b utn 
if sal ammoniac-, NH.CI, be compared with tabic salt. N»CI ; sndtlw 
ammonium liydrogen sulphate, NII.HSO,, with the sodium hydrogen 
sulphate, NallSO,! or amiuonluui nitrate, NH^NOj. «ith lodiais 
nitrate, NaNOj." It iasecn, on comparing theabove ooni pounds, tli« 
the part which sodium talces in the sodium salts Is played in ammonium 
salts by a group NH^, which is called ammonium. If tabic >alt b« 



I* Tba (UMlcvT bttwHO tb> uooioiiluni ud Kdfnin olt* ml^t ittm to b« dsrit^ 
hjr tha fut that th« litler ue lomied Irom tbo dkill oi o<!& sod an Mid, wllbUuMia- 
(■UOB ol viter, •rUlit llu uunoDJum ulM u* iinctlj laniicd Iron) uimonift ui •> 
Mldiwitliiiut tha wpitntioa ai witer; but ttwanilogr la raatored iti>*c6oi|)sr*Ml»t« 
anunonliWktar.BndlUcaaaaofUeaodft loaeanipaiindBdkmmDiiiswitliviitar, IbutlM 
rsry laapcmtton ot sninioalgm wilt tna raah it hjintt ol uusonii will anspUttlr >■• 
MublaUiBpniwnUoiiaf (OillaniuJU tKunwdi. W> mij cit* m mi eioapl* tin mUm 
ot tijiIiocliIaiiB mIJ oil both aiibituKai. 
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called 'sodium chloride/ then isal-ammoniac shoald be and is caHed* 
« ammoniom chloride.' 

The hypothesis that ammoniacal salt« correspond with a complex 
metal ammonium bears the name of the ammonium theory. It was 
enunciated by the famous Swedish chemist Berzelius after the proposi- 
tion made by Ampere. The analogy admitted between ammonium and 
metals is probable, owing to the fact that mercury is able to form an 
■amalgam with ammonium similar to that which it forms with sodium 
•or many other metals . The only difference between ammonium amalgam 
■and sodium amalgam consists inlhe instability of the ammonium, which 
•easily decomposes into ammonia and hydrogen. ^^ Ammonium ftTPA-lgnni 
may be prepared from sodium amalgam. If the latter be shaken up 
with a strong solution of sal-ammoniac, the mercury swells up violently 
and loses its mobility whilst preserving its metallic appearance. In so 
doing, the mercury dissolves ammonium — that is, the sodium in the 
mercury is replaced by the ammonium, and replaces it in the sal- 

^ Weyl (1864) by subjecting Bodinm to the action of Ammonia at the ordinary tern* 
peFatore and under conuderable pressures, obtained a liquid, which was subsequently 
InTettigated by Joannis (1889), who confirmed the results obtained by WeyL At O*' a&d 
the atmospheric pressure the composition of this substance is Na+S'SNHs. The 
vtmoral (at 0°) of ammonia from the liquid gives a solid copper-red body having the 
imposition NH^Na. The determination of the molecular weight of this substance by 
the fall of the tension of liquid ammonia gave NaH^Na^. It is« therefore, free ammonium 
in which one H is replaced by Na. The compound with potassium, obtained under the 
•ame conditions, proved to have an analc^ous composition. By the decomposition of 
NHjNa at the ordinary temperature, Joannis (1891) obtained hydn^^en and sodium- 
amide NH^Na in small colourless crystals which were soluble in water^ The addition of 
liquid ammonia to metallic sodium and a saturated solution of sodium chloride, gives 
NBsNagCl, and this substance is sal-ammoniac, in which H^ is replaced by Na^. 

H pure oxygen be passed through a solution of these compounds in anmionia at a 
temperature of about '- 50°, it is seen that the gas is rapidly absorbed. The liquid gradu- 
ally loses its dark red colour and becomes lighter, and when it has become quite colour- 
lew a gelatinous precipitate is thrown down. After the removal of the ammonia, this 
pfeoipitate dissolves easily in water with a considerable evolution of heat, but without 
giving off any gaseous products. The composition of the sodium compound thus obtained 
is NHsNajHO, which shows that it is a hydrate of bisodium-ammonium. Thus, although 
free ammonium lias not been obtained, still a eodium substitution product of it is known 
which corresponds to it as a salt to a hydrate. Ammonium amalgam was originally 
obtained in exactly the same way as sodium amalgam (Dav^) ; namely, a piece of sal- 
ammoniac was taken, and moistened with water (in order to render it a conductor of 
electricity). A cavity was made in it, into which mercury was poured, and it was laid on 
a sheet of platinum connected with the positive pole of a galvanic battery, while the 
negative pole was put into connection with the mercury. On passing a current the 
mercury increased considerably in volume, and became plastic, whilst preserving its 
metallic appearance, just as would be the case were the sal-ammoniac replaced by a lump. 
«l a sodium salt or of many other metala In the analogous decomposition of common 
metallic salts, the metal contained in a given salt separates out at the negative pole, im- 
mersed in mercury, by which the metal is dissolved. A similar phenomenon is observed 
in the case of siJ-ammoniao ; the elements of ammonium, NH4, in this case are miao 
eoPected in the mercury, and are retained by it fbr a ceirtain time. 
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ammoniao, forming sodium diloride, NH4CI-|-HgNftmNftGl-f HgNB^. 

Naturally, the formation of ammonium amalgam doet not ontiralj prow 
the oxiitence of ammonium itself in a separate state ; but it shows the 
possibility of this substance existing, and its analogy with the metals^ 
because only metals dissolve in mercury ^ Ammonium amalgam crystal- 
lises in cubes, three times heavier thui water ; it is only stable hi the 
cold, and particularly at very low temperatures. It begins td decompose 
at the ordinary temperature, evolving ammonia and hydrogen in the 
proportion of two volumes of ammonia and one volume of hydrogen, 
NH4S=NH3 + H. By the action of water, ammonium amalgam gives 
hydrogen and ammonia water, just as sodium amalgam gives hydrogen 
and sodium hydroxide ; and therefore, in accordance with the ammoniuin 
theory, ammonia water must be looked on as containing ammonium 
hydroxide, NH40H,>' just as an aqueous solution of sodium hydroxide^ 
contains NaOH. The ammonium hydroxide» like ammonium itself, is 
an unstable substance, which easily dissociates, and can only exist in 
a free state at low temperatures.^^ Ordinary solutions of ammonia 
must be looked on as the products of the dissociation of this hydroxide^ 
inasmuch as KH40H=:NH3 + H20. 

All ammoniacal Baits' decompose at a red heat into ammonia and an 
acid, which, on cooling in contact with each other, re-combine together. 
If the acid be non-volatile, the ammoniacal salt, when heaC^, evolves 
the ammonia, leaving the non- volatile acid behind ; if the acid be 
volatile, then, on heating, both the acid and ammonia volatilise together, 
and on cooling re-combine into the salt which originally served for tlie 
formation of their vapours.'® 

1^ We may mention, however, that ander partioalar conditionB hydrogm U also 
capable of forming an ajnalgam resembling the amalgam of ammonium. If an *^*"*^gT>in 
of zinc be ehaken np with an aqueous solution of platinum chloride, without aooest ol 
air, then a f^pongy mass is formed which easily decompoeea, with the eTolution of 
hydrogen. 

i^ We saw above that the solubility of ammonia in water at low temperatues attains 
to the molecnlnr ratio NH3+H2O, in which these substances are contained in caustie 
ammouin, and perhaps it may be possible at exceedingly low temperaturet to obtain 
ammonium hydroxide, NH4HO, in a solid form. Regarding solutions as dissociated 
definite compounds, we should see a confirmation of this view in the property shown bjr 
ammonia of being extremely soluble in water, and in so doing of approaching to th* 
limit NIi,HO. 

1' In confirmation of the truth of this conclusion we may cite the remarkable faot 
that there exist, in a free state and as comparatively stable compounds, a series of ilkn* 
lino hydroxides, NR4HO, which are perfectly analogous to ammonium hydroxide, and 
present a striking resemblance to it and to sodium hydroxide, with the only differenca 
that the hydrogen in NH4HO is replaced by complex groups, B^CHs, CaH§,fto.,foa 
instance N(CH3)4HO. Details will be found in organic chemistry. 

*^ The fact that ammoniacal salts are decomposed when ignited, and not aimplj 
sublimed, may be proved by a direct experiment with sal-ammoniac, NH4CI, which in * 
state of vapour is decomposed into unmonia^ NHf, «nd hydrooUoriosdd, Hd, m viU 
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Ammonia is not onlj capable of combining with acids, bat also 
with many salts, as was seen from its forming definite compounds, 
Ag01,3KH9 and 2AgCl,3NHg, with silver chloride. Just as ammonia 
is absorbed by various oxygen dalts of the metals, so also is it absorbed 
by the chlorine, iodine, and bromine compounds of many metals^ and in. 
so doing evolves heat. Certain of these compounds part with their 
ammonia even when left exposed to the air, but others only do so at a 
red heat ; many give up their anunonia when dissolved, whilst others 
dissolve without decomposition, and when evaporated separate from their 
solutions unchanged. All xhese facts only indicate that ammoniacal, 
like aqueous, compounds dissociate with greater or lesser facility.^* 
Certain metallic oxides also absorb ammonia and are dissolved in 
ammonia water. Such are, for instance, the oxides of zinc, nickel, 
oopper, and many others ; the majority of such compounds are unstable. 
The property of ammonia of combining with certain oxides explains 
its action on certain metals.^ By reason of such action, copper vessels 
are not suitable for holding liquids containing ammonia. Iron is not 
acted on by such liquids. 

The similarity between the relation of ammonia and water to salts 
and other substances is more'«speoiaUy marked in those cases in which 
the salt is capable of combining with both ammonia and water. Take, 
for example, copper sulphate, CUSO4. As we saw in Chapter I., it 
gives with water blue crystalB, CuS04,5HaO ; but it also absorbs 
ammonia in the same molecular proportion, forming a blue substancei 
CuS04,5NH9, and therefore the ammonia combining with salts may 
be termed ammonia of crystallisation^ 

Such are the reactions qf combination proper to ammonia. Let us. 
now turn our attention to the reactions of substitution proper to this 
substance. If ammonia be passed through a heated tube containing 
metallic sodium, hydrogen is evolved, and a compound is obtained 

be explained in the following chapter. The reftdin^eewilh which ammoniam salUdeoGOi- 
pose is seen irom the fact that a solntion of ammonium oxalate is deoompoeed with the 
erolntion of ammonia even at —1^. Dilute eolations of ammoniqm salts, when boQad. 
•give aqneoas vapour having an alkaline reaction, owing to the presence of free "»**'^^'ft 
given off from the salt, 

1* Isambert studied the dissociation of smmoniaoal compounds, as we h%ve seen in 
Note 8, and showed that at low temperatures many salts are able to combine with a 
etill greater amount of ammonia, which proves an entire analogy with hydrates ; and aa 
in this case it is easy to isolate the definite compounds, and as the least possible tenskm 
of ammonia is greater than that of water, therefdce the smmnniaral c o mpounds prseeni 
a great and peculiar interest, as a means for explaining the nature of aqueous solu- 
tions and as a confirmation of the hypothesis of the formation of definite co mp ounds in 
them ; for these reasons we shall frequently refer to these compounds in the further ex- 
position of this work. 

** Chapter V., Note 9. 
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containing ammonut in which one atom of hydrogen is replaced bj aaatom 
of sodiam, NU,Na(acoordiogtotheeqnationNH,+Na s= KHtNa+H). 
This body is termed sodiam amide. We shall afterwards see that 
iodine and chlorine are also capable of directly displacing hydrogen frooi 
ammonia, and of replacing it. In fact, the hydrogen of ammonia may 
be replaced in many ways by different elements. If in this replacement 
KH) remains, the resultant substances NH^R are called amides, whilst 
tlie substitution products, KHRj, in which only NH remains, are called 
imides,^ ^ and those in which none of the ammoniacal hydrogen 
remains, NR3, are known as nitrides. Free amidogen, N)H4, is now 
known In a state of hydration under the name of hydraziue ; •' it com- 

^ b>* Imide, NH, hss not been obUined in a free sUie, but iU hydrochloric acid salt, 
NHHCl, has apparently been obtained (1690) by Blatunen^ by igniting the doable bi- 
chloride of platincon and ammoniom chloride, PtClaNH^Cl « Pt •»- SHCl + NHHCl. It it 
•olnble in water, and crystalliseB from its solution in hexagonal rhombic prisms. It gives 
a doable salt with FeCls of the composition FeCl^SNHHCl. The salt NHHCl is similar 
(isomeric) with the first possible prod act of the mctalcpsis of ammonia, NH^Cl, although 
it does not resemble it in any of its properties. 

•* Free amidogen or hydrazine, N.^H^, or2NH2, was prepared by Curtius (1887) by 
moans of ethyl diazoivcct^itc, or tri&zoacetic acid. Curtius and Jay (1889) showed thai 
triazoacetic acid, CHN2-COOH (the formula should be uipled), when heated with wat«T or a 
mineral acid, gives (quantitatively) oxalic acid and amidogen (hydrazine), CHN3.COOH 
+ SHfO ■ C20»(OH)2 + N2H4 — i.e. (empirically), the oxygen of the water replaces the nitro* 
gen of the azoacetic acid. Tlic amidogen is thus obtained in the form of a salt. With 
acids, amidogen forms very stable salts of the two types N3H4HX and "S^H^U^X^ as, 
lor example, with HCl, H28O4, &c. These salts are easily crystallised ; in acid solationa 
they act as powerful reducing agents, evolving nitrogen ; when ignited they are decom- 
posed into ammoniacal ealt», nitrogen, and hydrogen; with nitrites they evolve nitrogen. 
The sulphate NsH4,H3S04 is sparingly soluble in cold water (8 parts in 100 of water), 
but is very soluble in hot water: it» Hpecific gravity is 1*878, it fuses at 254° with d»> 
composition. Tlie hydrocliloride N2H^,2HC1 crj-stallises in octahodra, is very soluble 
in water, but not in alcohol; it fuses at 198°, evolving hydrogen chloride and forming 
the salt N2H4HCI ; when rapidly heated it decomposes with an explosion ; with platinie 
chloride it immediately evolves nitrogen, forming platinous chloride. By the action of 
alkalis the salts N^Ki.SHX give hydrate of aviidogait N2H4,HsO, which is a faming 
liquid (specific gravity I'OS), boiling at 119°, almost without odour, and whose aqueous 
solution corrodes glass and indiarubber, has an alkaline taste and poisonous properties. 
The redu(;ing capacities of the hydrate are clearly seen from the fact that it reduces tba 
metals platinum and silver from their solutions. With mercuric oxide it explodee. It 
reacts directly with the aldehydes RO, forming NjRj and water ; for example, with bens- 
aldehydes it gives the very stable insoluble henealanne (C6H5CHN)2 of a yellow colour 
We may add that hydrazine often forms double salts ; for example, MgS04N2H4H2S04 
or KCIN2H4HCI, and that it is also formed by the action of nitrons acid upon aldehyde- 
ammonia. The products of the substitution of the hydrogen in hydrazine by hydro- 
carbon groups R (R = CH5, C^H,, CaHj, Arc.) were obUined before hydrarine itself; for 
•sample, KHRNH9, NR2NH3. and (NRH)]. 

The heat of solution of the sulphuric acid salt (1 part in 400 and 800 ports of wat«r 
at lO^'-e) is equal to -8*7 C. According-to Berthelot and Matigon (1892), the heat of 
lieutralisation of hydrazine by sulphuric acid is + K'5 C. and by hydrochloric acid ^f 9'SO. 
Thus hydrazine is a Tery feeble base, for its heat of saturation is not only lower thaa 
that of ammonia ( + 18*4 C. for HCl), but even below Chat of hydroxylamine ( -I- 9*8 C.) 
The beat of formation.from the elements of hydraied hydrasine —9*0 C was dedoo6d 
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Hnes with acids and resembles ammonia in this respect In the action 
of different substances on ammonia it is ^e hydrogen that i$ tvbstxtuud^ 
whilst the nitrogen remains in the resultant compound, so to saj, un- 
touched. The same phenomenon is to be observed in the action of 
various substances on water. In the majority of cases the reactions 
of water consist in the hydrogen being evolved, and in its being 
replaced by different elements. Thid also takes place, as we have seen, 
in acids in which the hydrogen is easily displaced by metals. This 
chemical mobility of hydrogen is perhaps connected with the great 
lightness of the atoms of this element. 

In practical chemistry ^* ^^ ammonia is often employed, not only for 
saturating acids, but also for effecting reactions of double decomposi- 

from the he*t of combustion, determined by boning NtH4H2604 in a calorimetrio bomb, 
•*• 127*7 C. That hydrarine ia an endothermal compound ; ita passage into ammonia Xff 
the combination of hydrogen is accompanied by the evolution of 61*6 C. In the presence 
of an acid ^ese figures were greater by -f 14'4 C. Hence the direct converse passage 
from ammonia into hydrazine is imposstt>le. As v^^ards the passage of hydroxylamine 
into hydrazine, it would be accompanied by the evolution of heat ( + 21'6 C.) in an aqueous 
solution. 

Amidogen must be regarded as a compound which stands to ammonia in the same 
relation ss hydrogen peroxide stands to water. Water, H(OH), givee, according to the 
law of substitution, as was clearly to be expected, (OH)(OH)— that is, peroxide of hydro- 
gen is the free radicle of water (hydroxyl). So also ammonia, H(NH3), forms hydrazine, 
(NH2)(NH4) — that is, the free radicle of ammonia, NH^, or amidogen. In the case of 
phosphorus a similar substance, as we shall afterwards see, has long been known under 
the name of liquid phosphuretted hydrogen, P9H4. 

ti bu Iq practice, the applications of ammonia are very varied. The use of ammonia ae 
a stimulant, in the forms of the so«called * smelling salts ' or of spirits of hartshorn, in 
cases of faintness, drc, is known to e^'eryone. The volatile carbonate of ammonium, or a 
mixture of an ammonium salt with an alkali, is also employed for this purpose. Ammonia 
also produces a well-known stimulating effect when rubbed on the skin, for which reason 
it is sometimes employed for external applications. Thus, for instance» the well-known 
volatile salve is prepared from any liquid oil shaken up with a solution of ammonia. A 
portion of the oil is thus transformed into a soapy substance. The solubility of greasy 
substances in ammonia, which proceeds from the formation both of emulsions and soaps, 
explains its use in extracting grease spots. It is also employed as an external application 
for stings from insects, and for bites from poisonous snakee, and in general in medicine. 
It is also remarkable that in cases of drunkenness a few drops of ammonia in water taken 
internally rapidly renders a person sober. A large quantity of ammonia is used in 
dyeing, either for the solution of certain dyes — ^for example, carmine— or for changing 
the tints of others, or else for neutralising the action of acids. It is also employed in 
the manufacture of artificial pearls. For this purpose the small scales of a peculiar 
small fish are mixed with ammonia, and the liquid so obtained is blown into small hollow 
glass beads shaped like pearls. 

In nature end the arts, however, ammonium salts, and not free ammonia, are moti 
frequently employed. In this form a portion of that nitrogen which is necessary for the 
formation of albuminous substances in iupptied to planti. Owing to this, a large 
quantity of ammonium sulphate is now employed as a fertilising substance. But the same 
effect may be produced by nitre, or by animal refuse, which in decomposing gives 
ammonia. For this reason, an ammoniaeal (hydrogen) compound may be introduced into 
the soil in the spring which will be converted into a nitrate (oxygen salt) in the itunmer. 
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tion with ultM, and etpeeially for separating insoluble Basic hydroxiclM 
from soluble salts. Let MHO stand for an insoluble basic hydroxide 
and HX for an acid. The salt formed by them will have A compodtion 
MHO + XH - H,0 = MX. If aqueous ammonia, NH4OH, be added 
to a solution of this salt, the ammonia will change places with the 
metal M, and thus form the insoluble basic hydroxide^ or, as it is said, 
give a precipitate. 

MX + NH^COH) » NH4X + MHO 

Bait of the metal. Aqaeoos ammonia. Ammo&iom salt. Basic hydrate. 
In solution In aolution In tolotion As precipitate 

Thus, for instance, if aqueous ammonia is added to a solution of a 
salt of aluminium, then alumina hydrate is separated out as a colourless 
gelatinous precipitate.*' 

In order to grasp the relation between ammonia and the oxygen 
compounds of nitrogen it is necessary to recognise the general Into of 
iubstitutionf applicable to all cases of substitution between elements,** 
and therefore showing what may be the cases of substitution between 
Oxygen and hydrogen as component parts of water. The law of sub* 
stitution may be deduced from mechanical principles if the molecule be 
conceived as a system of elementary atoms occurring in a certain chemical 
and mechanical equilibrium . By likening the molecule to a system of 
bodies in a state of motion — for instance, to the sum total of the sun, 
planets, and satellites, existing in conditions of mobile equilibrium — 
then we should expect the action of one part, in this system, to be 
equal and opposite to the other, according to Newton's third law of 
mechanics. Hence, given a molecule of a compound, for instance, 
H2O, NHg, NaCl, HCl, <&c., its every two parts must in a chemical sense 

** As certain basic hydrates form peculiar compounds with ammonia, in some cases 
it happens that the first portions of ammonia added to a solution of a salt produce a pre- 
cipitate, whilst the addition of a fresh quantity of ammonia dissolves this precipitate if 
the ammoniacal compound of the b^se be soluble in water. This, for example, takes 
place with the copper salts. But alumina does not dissolve under these circumstances. 

" When the element chlorine, as we shall afterwards more fully learn, replaces the 
element hydrogen, the reaction by which such an exchange is accomplished proceeds 
as a substitution, AH + CI3 ■■ AC1+ HCl, so that two substances, AH and chlorine, react 
on each other, and two substances, ACl and HCl, are formed ; and further, two molecules 
react on each other, and tw<T others are formed. The reaction proceeds very easDy, but 
the substitution of one element, A, by another, X, does not always proceed with such 
ease, cleamesB, or simplicity. The substitution between oxygen and hydrogen is very 
rarely accomplished by the reaction of the free elements, but the substitution between 
these elements, one for another, forms the most common case of oxidation an^ reduction. 
In speaking of the law of substitution, I have in view the substitution of the elements 
one by another, and not the direct reaction of substitution. The law of substitution 
detcrmineB the cycle of the combinations of a given element, if a few of its compounds 
(for instance, tho hydrogen «>mpounds) be known. A development of the conceptions 
of the law of substitution may be found in my lecture given at the Royal Institution in 
London, 1830. 
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represent two things somewhat alike in force and properties, and therefore 

every two parte into which a molecule of a compound may he divided 

are capable of replacing each other. In order that the implication of 

the law should become clear it is evident that among compounds the 

most stable should be chosen. We will therefore take hydrochloric acid 

and water as the most stable compounds of hydrogen.*^ According to 

the above law of substitution, if the elements H and CI are able to 

form a molecule, HOI, and a stable one, they are able to replace each 

other. And, indeed, we shall afterwards see (Chapter XI.) that in a 

number of instances a substitution between hydrogen and chlorine can 

take place. Given RH, then RCl is possible, because HCl exists and 

is stable. The molecule of water, HjO, may be divided in two ways» 

because it contains 3 atoms : into H and (HO) on the one hand, and 

into H2 and O on the other. Consequently, being given BH, its 

substitution products will be K(HO) according to the first form, and 

RgO according to the second; being given RHj, its corresponding 

substitution producU will be RH(OH), R(OH)s, RO, (RH)aO, dw. 

The group (OH) is the same hydroxyl or aqueous radicle which we 

have already mentioned in the third chapter as a component part of 

hydroxides and alkalis — for instance, Na(OH), Ca(OH)), <bc. It is 

evident, judging from H(HO) and HCl, that (OH) can be substituted bj 

CI, because both are replaceable by H ; and this is of common occurrence 

in chemistry, because metallic chlorides — for example, NaCl and NH4CI 

— correspond with hydroxides of the alkalis Na(OH) or NH4(0H). 

In hydrocarbons — for instance, CsH^ — the hydrogen is replaceable by 

chlorine and by hydroxy]. Thus ordinary alcohol is CsHg, in which 

one atom of H is replaced by (OH) ; that is, C2H5(OH). It is evident 

that the replacement of hydrogen by hydroxyl essentially forms the 

phenomenon of oxidation, because RH gives R(OH), or RHO. 

Hydrogen peroxide may in this sense be regarded as water in which the 

hydrogen is repUced by hydroxyl ; H(OH) gives (0H)2 or H^Of The 

other form of substitution — namely, that of O in the place of Hj— is 

also a common chemical phenomenon. Thus alcohol, CgH^O, or 

C2H5(OH), when oxidising in the air, gives acetic acid, C2H4O2, or 

C2HjO(OH), in which H, is replaced by O. 

In the further course of this work we shall have occasion to refer to 

the law of substitution for explaining many chemical phenomena and 

relations. 

** If hydrogen peroxide be taken as a •tarting point, then still higher forms of oxid** 
Hon than those oorrespooding with water should be looked for. They should possess tha 
properties of hydrogen peroxide, especially that of parting with their oxygen with ex- 
treme ease (eren by contact). Such compounds are known. Pemitrio, penolphuric, tad 
•imilar atidi pcescnt theee properties^ as we ehaU see in deeeriUng thrai. 



262 PRn^CIPLES Olf CHEMISTRY 

We window apply ih^se conceptions to ammonia in order to see its 
relation to the oxygen compounds of nitrogen. It is evident that many 
substances should be obtainable from ammonia, NH|, or aqueous 
.ammonia, NH4(0H), by substituting their hydrogen by hydroxy!, or H, 
by oxygen. And such is the case. The two extreme cases of such sub* 
stitutiou will be as follows : (1 ) One atom of H in NH9 is substituted by 
(OH), and NHa(OH) is produced. Such a substance, still containing 
much hydrogen, should have many of the properties of ammonia. It is 
known under the name of hydroxylaminet*^ and, in fact, is capable, like 

^ The oompoond of bydroxylAmine with hydroohlorio aoid hM th« oompotition 
NH9(OH)HClaNH4C10— that is, it is m it were oxidissd eal-unmonJfte. It wm pre- 
pared by Lofsen in 1866 by the action of tin and hydrochloric acid in the pretence of 
water on a substance called ethyl nitrate, in which case the hydrogen liberated from the 
hydrochloric aoid by the tin acts upon the elements of nitric acid— 

CaHft-NOj + 6H + HCl - NH4OOI + H^O + C9H»*0H 

Ethyl nitrate Hydrogen from Hydroxylamine -f HCl Water Aloohol 

HCl and 8n 

Thas in this case the nitric acid is deoxidised, not directly into nitrogen, bat into hydroxjl- 
amine. Hydroxylamine is also formed by passing nitric oxide, NO, into a mixture of tin 
and hydrocliloric acid — that is, by the action of the hydrogen evolved on the nitric ozide^ 
NO "^ 8H -(- HCl « NH4OCI — and in many other cases. According to Lossen's method, a 
mixture of 80 parts of ethyl nitrate, 120 parts of tin, and 40 (Murts of a solution of liydro- 
chlorio acid of sp gr. 106 are taken. After a certain time the reaction oomxnencet 
spontaneously. When the reaction has ceased the tin is separated by means of hydrogen 
sulphide, the^ solution is evaporated, and a large amount of sal-ammoniac is thus obtained 
(owing to the further action of hydrogen on the hydroxylamine compound, t^e hydroged 
taking up oxygen from it and forming water) ; a solution \iltimately remains contaizung 
the hydroxylamine salt ; this salt is dissolved in anhydrous alcohol and purified by the 
addition of platinum chloride, which precipitates any ammonium salt still remaining ia 
the solution. After concentrating the alcoholic solution the hydroxylamine hydrochloride 
separates in crystals. This substance melts at about 150°, and in so doing decompoMt 
into nitrogen, hydrogen chloride, water, and sal-ammoniac. A sulphuric acid com- 
pound of hydroxylamine may be obtained by mixing a solution of the above sail 
with sulphuric aoid. The sulphate is also soluble in water like the hydrochloride} 
this shows that hydroxylamine, like ammonia itself, forms a series of salts in which 4>ne 
aoid may be substituted for another. It might be expected that by mixing a strong 
•olution of a hydroxylamine salt with a solution of a caustic alkali hydroxylamine itself 
Would be liberated, just as an ammonia salt under these circumstances evolves ammonia; 
but the liberated hydroxylamine is immediately decomposed vrith the formation of nitro- 
gen and ammonia (and probably nitrous oxide), ONHsO-NHs + SH^O + Ns. Dilute 
•olutions give the same reaction, although very slowly, but by decomposing a solution of 
the Sulphate with barium hydroxide a certain amount of hydroxylamine is obtained in 
•olbtion (it is partly decomposed). Hydroxylamine in aqueous solution, like ammonia, 
precipitates basic hydrates, and it deoxidises the oxides of copper, silver, and other 
metals. Free hydroxylamine was obtained by Lobry de Brnyn (1891). It is a solid, 
odourless, crystalline substance, without odour, which does not ipelt below 27^ It has 
tl)e property of di^lving metallic salts ; for instance, sodium chloride, hydroxylamine^ 
when rapidly heated with platinum, decomposes with a flash and the formation of a 
yoUow flame. It is almost insolable in ordinairy solvents like Qhloroform, benzine, acetio 
ether, and carbon bisulphide. Its aqueous solutions are tolerably stable, contain up to 
60 per oeni (sp. gr. 1'16 at fiO^), and may be kept for many weeks without undergoing any 
change. liObry de Bruyn used the hydrochloric salt to prepare pure fi^droxylamine. 
The tali was flrst treated with sodium methylate (OH^NaO), and then metjio^l alcoliol wae 
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amtuonlA, of giving saltfl with adds; for example, with hydrochlorio 
acid, NH3(0H)Ci — which is a substance corresponding to sal -ammoixiaOy 
in which one atom of hydrogen is replaced by hydroxyL*^^ (2) The 

added to the mixture. The precipitated sodiom ohloridd was aepaiated from the flolatioa 
by filtration. (The methyl alcohol it added to prevent the precipitated chloride of sodium, 
from coating the insolable hydrochloric salt of hydroxylamine.) The methyl alcohol wa« 
driven oil under a pressore 160-200 umi.,4uid alter extracting a further portion of methyl 
alcohol by ether and sereral fractional distillations, a solution was obtained containing 
70 per cent, of free hydroxylamine, 8 per ceni water, 9*0 per oeni. chloride of sodiom, an} 
18*1 per centL of the hydrochlorio salt of hydroxylamine. Pure free hydroxylaininc^ 
KHsO, \b obtained by distilling under a pressure of 00 mm. ; it than boils at 70°, and 
•olidifies in a condenser cooled to 0' in the form of long needles. It melts at 88^, boils 
at (8° under a pressure of S3 mm., and has a sp. gr. of about 1*286 (BrUhl). Under tho 
action of NaHO it gives NHj and ^HOa or NjO, and forms nitric acid (Kolotoff, 1898) 
onder the action of oxidising agents. Hydroxylamine is obtained in a great number of 
eases, fbr instance by the action of tin on dilute nitric acid, and also by the action of 
rino on ethyl nitrate and dilute hydrochlorio add, &o. The relation between hydroxyl- 
amine, NH^tOH), and nitrous add, NO(OH), which is so clear in the sense of the law of 
■ubstitntions, becomes a reality in those cases when reducing agents act on salts of 
nitrous acid. Thus Raschig (1888) proposed the following method for the preparation of 
the hydroxylamine sulphate. A mixture of strong solutions of potasdum nitrite, KNO2, 
and hydroxide, KHO, in molecular proporticms, is prepared and cooled. An excess of 
sulphurous anhydride is then passed into the mixture, and the solution boiled for a long 
lime. A mixture of the sulphates of potasdum and hydroxylamine is thus obtained : 
KNOa + KHO+2S03+2HaOaNHs(OH)»Ha804+E3804. The salU may be separftted 
from each other by crystallisation. 

*& i>b Xn order to illustrate the application of the law of substitution to a given case, 
and to show the connection between ammonia and the oxides of nitrogen, let us consider 
the possible products of an oxygen and hydroxyl substitution in caustic amm<»ia, 
NH4(0H). It is evident that the substitution of H by OH can give: (1) NHsCOH),!. 
(2) NHa(0H)3; (8) NHCOH)^; and (4) K(OH)j. They should aU, like caustic ammonia' 
itself, easily part with water and form products (hydroxylic) of tho oxidation qt am- 
monia. The first of them is the hydrate of hydroxylamine, KH2(0H) + H,jO ; the second, 
NH(OH)2 + H90 (and also the substance NHCOH)^ or NH5O2), containing, as it does, 
both hydrogen and oxygen, is able to part with all its hydrogen in the fonn of water 
(which could not be done by the first product, since it cont^ned too little oxygen), forming, 
as tho ultimate product, aNHa(OH)3-6HaO=NaO— that is, it corresponds with nitrons 
oxide, or the lower degree of the oxidation of nitrogen. 80, also, nitrous anhydride 
corresponds with the third of the above products, 2NH(OH)4-6H,0«N203, and nitrio* 
anhydride with the fourth, 2N(OH)5-6H30 = N905. As, in these tliree equations, two 
molecules of the substitution products (-6H3O) ore token, it is also possible to combine 
two different products in one equAtion. For instahce, the third and fourth products 1 
NH(0II)4 + N(0H)5- 6H3O corresponds to N)04 or 2NO2, that is, to peroxide of nitrogen. 
Thus ,all the five (see later) oxides csf nitrogen, N2O, NO, NqOj, NO^, and N^O^, may bo 
deduced from ammonia, ^e above may be expressed in a general fonn by the equatioB 
(it should be remarked that tixe compodtion of all the substitution products of eanstio 
ammonia may be expressed by NHsO^ - a, where a varies between and 4) 1 

NH0O4 -«+ NHjOj-ft- 6H,0 »N,0»-(s+>)» 

when a-i-ft can evidently be not greater than 6; when a + freS we hsve K|— nltro^ei^ 
when** 4 we have N|0 nitrous oxide; when a+&a8 we have N3O3 or NO -nitric oxide, 
OBd so on to N3O9, when a -f & - 0. Besides which it is evident that intermediatejproducts 
may onnespond with (and hence also break up into) different starting points ; for mstano^ 
KfO Is obtained when a-hb-S, and this may occur dther when a^O (nitric add), ana 
6»a (hydroxylamine), or when a-^*! (Um third of the above tabttitiition prodoetf). 
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camsutnces, but in the law the relations are presented in their simplest 
aspect. 

1. It is easy to prove the possibility of the oxidation of ammonia 
into nitric acid by passing a mixture of ammonia and air over heated 
spongy platinum. This causes the oxidation of the ammonia, nitric 
acid being formed, which partially combines with the excess of 
ammonia. 

The converse passage of nitric acid into ammonia is effected 
by the action of hydrogen at the moment of its evolution.^' Thus 
metallic aluminium, evolving hydrogen from a solution of caustic soda, 
is able to completely convert nitric acid added to the mixture (as a salt, 
because the alkali gives a salt with the nitric acid) into ammonia, 
NHOa + 8H=NH3 + 3H,0. 

2. In 1890 Curtius in Oermany obtained a gaseous substance of the 
composition HNs (hydrogen trinitride), having the distinctive properties 
of an acid, and giving, like hydrochloric acid, salts ; for example, a 
sodium salt, NaNj ; ammonium salt, NH4N3=:N4H4 ; barium salt^ 
Ba(N3)2, &c., which he therefore named hydronitrous acidt JJiTj.** W§ 

** The £ormation of ammonia is observed in many cases of oxidation by means of 
nitric acid. This substance is even formed in the action of nitric acid on tin) especially 
if dilate acid be employed in the cold. A still more considerable amount of ammonia ia 
obtained if, in the action of nitric acid, there are conditions directly tending to the evola- 
tion of hydrogen, which then reduces the acid to ammonia ; for instance, in the action 
of tine on a mixture of nitric and sulphuric acids. 

n bit Curtius started with benzoylhydrazine, CeH^CONHNH) (hydrazine, see Note 
^ bu). (This substance is obtained by the actio? of hydrated hydrazine on the com* 
pound ether of benzoic acid). Benzoylhydrazine under tiie action of nitrous acid gives 
benzoylazoimide and water: 

CeHjCONHNHj + NOaH = CeHjCON, + QHaO. 

Benzoylazoimide when treated with sodium alcoholate gives the sodium salt of hydh>« 
nitrous acid : 

CeHftCONj+CaHjONa - CeHaCOgCaHj + NaNj. 

The addition of ether to the resultant solution precipitates the NaNs, and this salt when 
treated with sulphuric acid gives gaseous hydronitrous acid, HN5. It has an acrid smell, 
and is easily soluble in water. The aqueous solution exhibita a strongly acid reaction. 
Metals dissolve in this solution and give the corresponding salts. With hydronitrous 
acid gaseous ammonia forms a white doud, consisting of the salt of ammonium, NH4Nfi 
This salt separates out from an alcoholic solution in the form of white lustrous scales. 
The salts of hydronitrous acid are obtained by a reaction of substitution with the sodium 
or ammonium salts. In this manner Curtius obtained and studied the salts of silver 
(AgNj), mercury (HgNj), lead (PbN«), barium (BaNj). With hydrazine, NgH*, hydro- 
nitrous acid forms saline compoimds in the composition of which there are one or two 
particles of N3H per one particle of hydrazine ; thus N5H5 and N^He. The first was 
obtained in an almost pure form. It crystallises from an aqueous solution in denae^ 
volatile, lustrous prisms (up to 1 in. long), which fuse at SO**, and deliquesce in the alrf 
from a solution in boiling alcohol it separates out in bright crystalline plates. This sali^ 
NA* 1^*0 ^0 same empirical composition, NH, as the amaonium salt of hydronitfoua 
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The extraordinary oompotiikm of the oomponad (anuDonla) NH|» 

contains one N atom and three H atoms ; in HNs, on the contrary, then 
are three N atoms and one H atom), the &cile decompoBition oC its Mlti 
with an explosion, and above all ita distinctly add character (an aqueow 
eolation shows a strong acid reaction to litmns), not only indicated 
the importance of this unexpected discovery, bnt at first gave rise to soae 
perplexity as to the nature of the substance obtained, for the relations 
in which HNj stood to other simple compounds of nitrogen whidi had 
long been known was not at all evident, and the scientific ^irH 
especially requires that there should be a distinct bond between every 
innovatioD, every fresh discovery, and that which is already finnly 
established and known, for upon this basis is founded that apparently 
paradoxical union in science of a conservative stability with aa 
irresistible and never-ceasing improvement. This missing oonnection 
between the newly discovered hydronitrous acid, HN3, and the long 
known ammonia, NH3, and nitric acid, IINO3, may be found in the 
law of substitution, starting from the well-known properties and 
composition of nitric acid and ammonia, as I mentioned in the ' Journal 
of the Russian Physico-Gliemical Society' (1890). The essence of the 
matter lies in tho fact that to the hydrate of ammonium, or caustic 
ammonia, NII4OH, there should correspond, according to the law of 
substitution, an ortho -nitric acid {see Note 27), H3N04=sNO(OH)3, 
which equals NIl4(0H) with the substitution in it of (a) two atoms of 
hydrogen by oxygen (O — Hj) and (6) two atoms of hydrogen by the 
aqueous radicle (Oil — H). Ordinary or meta-nitrio acid is merely 
this ortho-nitric acid minus water. To ortho-nitric acid there should 
correspond tho animoniacal salts : mono-substituted, H2NH4NO4 ', bi- 
Bubstituted, H(NIl4)oN04 , and tri-substituted, (NU^)^^04, These 
salts, containing as they do hydrogen and oxygen, like many similar 
ammoniacal salts (see, for instance, Chapter IX. — Cyanides), are 

acid, N4H4, and Imido ; but their molecules and structure are different. Cmtiaa alio 
obtained (1898) hydronitrous acid by passing the vapour of N2O3 (evolred by the action 
of HNO3 on Aft-jOj) into a solution of hydrazine, N.jH,. Similarly Angeli, by acting upon a 
saturated solution of silver nitrite with a strong solution of hydrazine, obtained the 
explosive AgNj in tho form of a precipitate, and this reaction, wWch is based upon the 
Equation NgH^-f-NHOaaHNj + QHgO, proceeds so easily that it forms an experiment 
for the lecture table. A thermal investigation of hydronitrous acid by Berthelot and 
Matignon gave tho following figures for the heat of solution of the ammonium salt 
NsHNHj (1 grm. in 100 parte of water) - 708 C, and for the heat of neutralisation 
by barium hydrate + lO'O C, and by ammonia -f 8'2 C The heat of combustion of 
I94H4(<M68'6 G. at a constant vol.) gives the heal of formation of the salt N4H4 (solid) &• 
-> 95*8 C. and (solution) —82*8 C; this explains the explosive nature of this compound 
In its heat of formation from the elements N3H « — 62*6 C, this compound differs from 
sB the hydrogen compounds of nitrogen in having a maximum absorption of heat, whfdh 
explains Hi instabib^. 



COMPOITNiS OF NITBOGEN WITlff HYDROGEN AND OXYGEN 267 

able to part with them in the form of water. Then from the first 
salt we have HaNH4N04 — 4HjO=N20— nitrous oxide, and from -the 
second H(NH4)2N04 — 4HaOs=HN3-hydrbnitrou8 acid, and from the 
third (NH4)3NO — 4H20=:N4H4— the ammonium salt of the same acid. 
The compositioh of HNa should be thus understood, whilst its acid 
properties are explained by the fact that the water (4H2O) from 
H(NH4)2N04 is formed at the expense of the hydrogen of the ammonium 
and oxygen of the nitric acid, so that there remains the same hydrogen 
as in nitric acid, or that which may be replaced by metals and give 
salts. Moreover, nitrogen undoubtedly belongs to that category of 
metalloids which give acids, like chlorine and carbon, and therefor^^ 
under the influence of three of its atoms, one atom of hydrogen acquires 
those properties which it has in acids, just as in HON (hydrocyanic 
acid) the hydrogen has received these properties under the influence of 
the carbon and nitrogen (and HN3 may be regarded as HON where 
has been replaced by N2). Moreover, besides explaining the com- 
position and acid properties of HN3, the above method gives the 
possibility of foretelling the closeness of the bond between hydronitroua 
acid and nitrous oxide, for N20+NH3=:HN3 + H20. This reaction^ 
which was foreseen from the above considerations, was accomplished by 
Wislicenus (1892) by the synthesis of the sodium salt, by taking the 
amide of. sodium, NHaNa (obtained by heating Na in a current of 
NH3), and acting upon it (when heated) with nitrous oxide, N^O, 
when 2NH,Na+N20 = NaN,+NaHO + NH3. The resultant salt, 
NaN3, gives hydronitrous acid when acted upon by sulphuric acid, 
NaN3+H2S04 = NaHS04 + HN3. The latter gives, with the corre- 
sponding solutions of their salts, the insoluble (and easily explosive) 
salts of silver, AgN3 (insoluble, like AgCl or AgCN), and lead, Pb(N3)2. 
The compounds of nitrogen with oxygen present an excellent 
example of the law of multiple proportions, because they contain, for 14 
parts by weight of nitrogen, 8, 16, 1^4, 32, and 40 parts respectively by 
weight of oxygen. The composition of these compounds is as follows :— 

N2O, nitrous oxide ; hydrate N^O. 
NaO], nitric oxide, NO. 
N2O3, nitrous anhydride ; hydrate NHOj. 
N2O4, peroxide of nitrogen, NOj, 
N2O5, nitric anhydride ; hydrate NHO3. 

Of these compounds,^ nitrous and nitric oxides, peroxide of nitrogen, 

** According to the thermochemical determinations of Favre, Thomseo, and nor^ 
•specially.of Berihelot, it follows that, in the formation of such qaantities of the oxides 
of nitrogen as express their formnlte, if gaseous nitrogen and oxygen be takea M tbo 
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•nbstance is slowly oxidised in the presence of an alkali by means of 
fhe oxygen of the atmosphere. In nature there are very frequent 
instances of such oxidation. For this reason certain soils and rubbish 
heaps — for instance, lime rubbish (in the presence of a base — lime) — 
contain a more or less considerable amount of nitre. One of these 
nitres — sodium nitrate — is extracted from the earth in large quantities 
in Chili, where it was probably formed by the oxidation of animal 
refuse. This kind of nitre is employed in practice for the manufacture 
of nitric acid and the other oxygen compounds of nitrogen. Nitric 
acid is obtained from Chili saltpetre by heating it with sulphuric acid. 
The hydrogen of the sulphuric acid replaces the sodium in the nitre. 
The sulphuric acid then forms either an acid salt, NaHSQ^, or a 
BOPmal salt, Na2S04, whilst nitric acid is formed from the nitre and 
is' volatilised. The decomposition is expressed by the equations : 
(1) NaN03 + HaS04=HN03 + NaHS04, if the Acid salt he formed, 
and (2) 2NaN03 + H2S04=:Na2S04 + 2HN08, if the normal sodium 
sulphate is formed. With an excess of sulphuric acid, at a moderate 
heat, and at the com^iencement of the reaction, the decomposition 
proceeds according to the first equation ; and on further heating with 
a sufficient amount of nitre according to the second, because the acid 
salt NaHS04 itself ^cts like an acid (its hydrogen being replaceable 
as in acids), according to the equation NaN03 + NaHS04=Na3804 
+ HNO3. 

The sulphuric acid, as it is said, here displaces the nitric acid from 
its compound with the base.^ ^^* Thus, in the reaction of sulphuric 

^ b>* This often gives rise to the supposition that salphnho acid possesses a consider* 
able degree of afi&nity or energy compared with nitric acid, bat we shall afterwards see 
that the idea of the relative degree of affinity of a<:id8 and bases is, in many cases, 
exceedingly unbiassed ; it need not be accepted so long as it is possible to explain the 
observed phenomena without admitting any supposition whatever of the degree of the 
force of affinity, because the latter cannot be measured. The action of sulphuric acid 
upon nitre may be explained by the fact alone that the resultant nitric acid is volatile. 
The nitric acid is the only one of all the substances partaking in the reaction which is 
able to pass into vapour ; it alone is volatile, while the remainder are non-volatile, or, 
more strictly speaking, exceedingly difficultly volatile substances. Let us imagine that 
the sulphuric acid is only able to set free a' small quantity of nitric acid from its salt, 
and this will suffice to explain the decomposition of the whole of the nitre by the sulphuric 
acid, because once the nitric acid is separated it passes into vapour when heated, and 
passes away from the sphere of action of the remaining substances', then the free 
sulphuric acid will set free a fresh small quantity of nitric acid, and so on until it drives 
off the entire quantity. It is evident that, in this explanation, it is essential that the 
sulphuric acid should be in excess (although not greatly) throughout the reaction* 
according to the equation expressing the reaction, 98 parts of sulphuric acid are required 
per 85 parts of Chili nitre ; but if this proportion be maintained in practice the nitric 
acid is not all disengaged by the sulphuric acid ; an excess of the latter must be taken, 
and generally 80 parts of Chili nitre are taken per 98 parts of acid, so that a portion <^ 
the Bolphuric acid remains free to the very end of the reaction. 
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Nitric acid so obtained always contains water. It is extremely 
difficult to deprive it of all the admixed water without destroying a 
portion of the acid itself and partially converting it into lower oxides, 
because without the presence of an excess of water it is very unstable. 
When rapidly distilled a portion is decomposed, and there are obtained 
free oxygen and lower oxides of nitrogen, which, together with the 
water, remain in solution with the nitric acid. Therefore it is necessary 
to work with great care in order «to obtain a pure hydrate of nitric acid, 
HNO3, and especially to mix the nitric acid obtained from nitre, as 
above described, with sulphuric acid, which takes up the water, and to 
distil it at the lowest possible temperature — that is, by placing the 
retort holding the mixture in a water or oil bath and carefully heating 
it. The first portion of the nitric acid thus distilled boils at 86'', has a 
specific gravity at 15® of 1-526, and solidifies at —50®; it is very 
unstable at higher temperatures. This is the normal hydrate, HNO3, 
which corresponds with the salts, NMO3, of nitric acid. When diluted 
with water nitric acid presents a higher boiling point, not only as 
compared with that of the nitric acid itself, but also with that of water ; 
so that, if very dilute nitric acid be distilled, tlie first portions passing 
over will consist of almost pure water, until the boiling point in the 
Tapours reaches 121®. At this temperature a compound of nitric acid 
with water, containing about 70 p.c. of nitric acid,-^^ distils over ; its 

formation of the hydrate, because water is first poured into the earthenware vcssoU 
employed for condensing the nitric acid in order to facilitate its cooling and condensation. 
Further, the acid of composition HNO3 decomposes with great ease, with the evolu- 
tion of oxides of nitrogen. Thus the commercial acid contains a great number of 
impurities, and is frequently purified in the following manner:— Lead nitrate is first 
added to the acid because it forms non-volatile and almost insoluble (precipitated) 
•ubstances with the free sulphuric and hydrochloric acids, and liberates nitric acid in so 
doing, according to the equations Pb(KOs)3 + 9HCUPbCl9 + 2NHOs and Pb(N03)t 
•I- H38O4 » PbSOl + fiNHOx. Potassium ohromate is then added to the impure nitric acid, by 
which means oxygen is liberated from the chromic acid, and this oxygen, at the moment 
of ita evolution, oxidises the lower oxides of nitrogen and converts them into nitric acid. 
A pure nitric acid, containing no impurities other than water, may be then obtained by 
esiefnllj distilling the acid, treated as above described, and particularly if only the 
middle portions of the distillate are collected. Such acid should give no precipitate, 
aiCher irith a solution of barium chloride (a precipitate shows the presence of sulphuric 
aeid) or with a solution of silver nitrate (a precipitate shows the presence of hydrochloric 
scid), nor should it, after being diluted with water, give a coloration with starch con- 
taining potassium iodide (a coloration shows the admixture of other oxides of nitrogen). 
The oxides of nitrogen may be most easily removed from impure nitric acid by heat- 
ing for a certain time with a small quantity of pure charcoal. By the action of nitric 
aoid on the charcoal carbonic anhydride is evolved, which carries off the lower oxides of 
nitrogen. On redistilling, pure acid is obtained. The oxides of nitrogen occurring in 
•olution may also be removed by passing air through the nitric acid. 

^1 Dalton, Smith, Bineau, and others considered that the hydrate of constant boiling 
point (see Chapter I., Note SO) (or nitric aoid was the compound OHNOsiSH^O, but Rotoo» 
daowed that its compofition chaogat with a Tariation of the pressure and temperatim 
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flpeoifio gravitj at IG^sl'lSI. If the Bolution eontaiti less than 1 
36 p.o. of water, then, the Hpecifio gravitj o( the solutioa being &bo79 
1*44, HNO| evaporatea off and fumes in the air, forming the abovf 
hydrate, vhose vapour tension is less than that of water. . 3ach Eola- 
tions form fuming nttrtd aeid. On distiUing it gives monohydnted 
acid," HNO| ; it ia a hydrate boiling at 131", aa that it ia obcaiited 
from both weak and strong aolationa. Fuming nitrlo add, under the 
ftotion not only of orgonio subataiices, hut even of heat, loses a portaoa 
of its oxygen, forming lower oxides of nitrogen, which impart a r^d- 
brown eohur to it ; " the pure aoid is colourless. 
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fioob a hj^ratc miy be upraised b; N(HO|„ Uul ia, u NB,(HO|. In whiob M Ifc* 
•qnivKlenU ol hydrogao ere replaced by bj-droiyl. Tba ooiutuit boillaf polBt will 
IbsD be tha tempanHue ol the deouuipouUDn ol tbia brdnC*. 
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4at« Far Hjlution* ol tiitrio acid, beoauiie od Approacbiog io tbia compotilign then i# a 
rapid chiLoga io the amount oF heat OYirlved bjr mixuiR nitrio acid wiib vi 
<ies9) b^ lafiigeiatioa obtained the ctjaulline hrdntea : HNO^,0, d 
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^ For tecbnica] aod laboratory ptirpDtei r^oourae ia frequejitly had to red fumimg 
tUtric iiciif— that la, tha nonoal nitrio aeid, HSO„ BDiitainiBg lower olldea ol nilngcn 
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Nitric acid, as an acid hydrate, enters into reactions of double 
decomposition with bases, basic hydrates (alkalis), and with salts. In all 
these cases a salt of nitric acid is obtained. An alkali and nitric acid 
give water and a salt ; so, also, a basic oxide with nitric acid gives a 
salt and water; for instance, lime, CaO + 2HN08=Ca(N03)2 + H50. 
Many of these salts are termed nitres.'^ The composition of the ordinary 
salts of nitric acid may be expressed by the general formula M(N03),«, 
where M indicates a metal replacing the hydrogen in one or several 
(n) equivalents of nitric acid. We shall find afterwards that the atoms M 
of metals are equivalent to one (K, Na, Ag) atom of hydrogen, or two 
(Ca, Mg, Ba), or three (Al, In), or, in general, n atoms of hydrogen. 
The salts of nitric acid are especially characterised by being all soluble 
in water. ^^ From the property common to all these salts of entering 
into double decompositions, and owing to the volatility of nitric acid, 
they evolve nitric acid when heated with sulphuric acid. They all, like 
the acid itself, are capable of evolving oxygen when heated, and con- 
sequently of acting as oxidising substances ; they therefore, for instance, 
deflagrate with ignited carbon, the carbon burning at the expense of 
the oxygen of the salt and forming gaseous products of combustion.'* 

nltimately becomes colourless. This is owing to the fact that the oxides of nitrogen in 
the presence of water and nitric acid are changed, and give coloored solutions. 

Marklefleky (1892) showed that the green solutions contain (besides HNOs) HNOf 
and NjOf, whilst the blue solutions only contain HN0<2 (see Note 48). 

The action of red fuming nitric acid (or a mixture with sulphuric acid) is in many 
cases very powerful and rapid, and it sometimes acts differently from pu;e nitric 
acid. Thus iron becomes covered with a coating of oxides, and insoluble in acids; it 
becomes, as is said, passive. Thus chromic acid (and potassium dichromate) gives oxide 
of chromium in this red acid — that is, it is deoxidised. This is owing to the presence of 
the lower oxides of nitrogen, which are capable of being oxidised — Uiat is, of passing into 
nitric £icid like the higher oxides. But, generally, the action of fuming nitric acid, both 
r«d and colourless, is powerfully oxidising. 

^ Hydrogen is not evolved in the action of nitric acid (especially strong) on metala, 
eren with those metals which evolve hydrogen nnder the action of other acids. This is 
because the hydrogen at the moment of its separation reduces the nitric acid, with forma- 
tion of the lower oxides of nitrogen, as we shall afterwards see. 

^ Certain basic salts of nitric acid, however (for example, the basic salt of bismuth), 
are insoluble in water ; whilst, on the other hand, all the normal salts are soluble, and 
this forms an exceptional phenomenon among acids, because all the ordinary acids form 
insoluble salts with one or another base. Thus, for sulphuric acid the salts of barium, 
lead, Ac, for hydrochloric acid the salts of silver, <&e., are insoluble in water. However, 
the normal salts of acetic and certain other acids are all soluble. 

M Ammonium nitrate, NH4NO3, is easily obtained by adding a solution of am- 
monia or of ammonium carbonate to nitric acid until it becomes neutral. On evapo- 
rating this solution, crystals of the salt are formed which contain no water of crystallisation. 
It crystallises in prianfb like those formed by common nitre, and has a refreshing taste ; 
100 parts of water at t^ dissolve 64 + 0*61 1 parts by weight of the salt. It is soluble in 
alcohol, melts at 160°, and is decomposed at about ISO*', forming water and nitrons oxide, 
KKiNOs^SH^O-f N2O. If aromonium nitrate be mixed with sulphuric acid, and th« 
Quztare be heated to about tKe boiling point of water, then nitric acid is evolved, aii4 
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yitiie Acul aim enten into dooUe J ee wpo Mtioiis with a 
oC fcjdroearbotu not in anj waj posKsing alkaline efaaracten and ncC 
reacting with other acids. Cnder these ciraunstanees the nitric acid 
giTM water and a new tabstanoe termed a nitro-amkpcmmd. The 
ehemical character fA the nxtro-^»fnpoinid ia the came as that of the 
original snbntance ; Cor example^ if an indifferent sabstance be taken, 
then the nitro-componnd obtained from it wiU also be indifferent ; 
if an acid be taken, then an acid \m obtained aiso.'*^ Rpnaetiiv 
C^t^ for instance, acta according to the eqaatioo CcH^-f-HyO, 
sH}0 -f C\H:^NO). Nitrobenzene is prodnced. The substance takeo, 
CJilf,, is a liquid hydrocarbon having a feunt tarrj smell, botHng at -60^, 
and lighter than water ; by the action of nitric add nitrobenzene is 
.obtained^ v/hich Is a sabstance boiling at aboat 210^ heavier than water, 
and hiaving an almond- like odonr : it is employed in large qnantitiea 
lor the preparation of aniline and aniline dyea.*^ As the nitro-com- 

MUDonium hjdrogcm •nlphate renuuns in wcAxxXvm. ; bat if tl:« mixtore be heated rapidlj 
to iS(/', th«n nitroiM oxide i« errolrecL In the first cue the ralphoric acid takes op 
snimotiia, and in iht Mfcond pUce water. Ammoninm nitrate ia emplojed in practioe for 
the artificial prrxlaction of cold, because in diaaolring in water it lowers the tea^yeratar* 
▼•ry consirlisrablj. For this purpose it is best to take equal parts by weight of the sttlt 
•od water. The salt most firai be reduced to a powder and then rapidly stirred op in 
the water, when the temperature will fall from -«- 15^ to — 10^, so that the water freeBea. 

Ammonium nitrate absorbs ammonia, with which it forms unstable oompoonda 
rasembling c^jrapounds containing water of crystallisation. (Dirers 1873, Raoolt 1878.) 
At -10' NH4NOs,2NHs is formed: it is a liquid of sp. gr. 115, which kwea aD tta 
ammoriiA uxulur tho influence of beat. At -»- SS** NH^NO^NHs is formed : it is a 
which i-aiiily (»art«i with its ammonia when heated, especially in solution. 

Tr'X>Mt (IfiH'l) inrc«iigate<I the tension of the dissociation of the compoonds 
and came It* the dnclusion that a definite compound corresponding to the formal^ 
'i^l^SO^filWl^ is fonufHl, because the tension of dissociation remains constant in ih* 
decjmpr^aition of Huch a compound at 0^. V. Kooriloff (1898), however, considers that 
tiie cfinNtanny of the t^insion of the ammonia eToWed is due to the decompositioa ol » 
saturated solution, and not of a definite compound. I>uring deoompocition the system is 
eom[K>fiA<1 of a liquid and a solid ; the tension only becomes constant from the moment 
the srilid falls down. The composition SNH^NOsSNHf corresponds to a saturated 
solution at 0'', and tho solubility of NH4NO5 in NHs increases with a rise of tempemtaze. 

M I.U 'ji,i» ig explained by saying that in true nitro-compounds the residue of nitric 
acid NC), inkrm the p!a<vj of the hydrogen in the hydrocarbon group. For example, if 
Cn\\f<)\\ Ix' K'^«"i t*"'" Cen4(N02)OH will bo a true nitro-compound having the radical 
prf;p«'rtioH ».f ('fiH.,OH. If. on the other hand, the NOj replace the hydrogen of the 
aqn<K>UH ra/luln (^',;H.,ON().J, th#'n the chemical character yaries, as in the passage of 
KOH into KONO^ (nitro) {nrtt Note 87 and Organic Chemistry). 

*' Tho coniiKinnd othiTH of nitric acid in which the hydrogen of the aqneoos nMlicl« 
<0n) i* rMplar«!d Ly tho roHidue of nitric acid (NO2) are frequently called nitro- 
compoundH. IJtit in thuir chemical character they differ from true nitro-compooads 
(for dotaiU »rr Or((anio ChomiMtry) and do not bum like them. 

Tho action of nitrio acid on cellulose, CeHjoOj, is an example. This sabstance, which 
formH tho outer coating of all plant cells, occurs in an almost pure statfe in cotton, ia 
ooromon writing-paimr, and in flax, &c \ under the action of nitric acid it forms 
and nitrocellulose (like water and KNO| from KflO), which,, althoogh tt has tha 
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pounds contain both combostible elements (hydrogen and carbon), ag 
well as oxygea in unstable combination with nitrogen, in the form of 
the radicle NO3 of nitric acid, they decompose with an explosion when 
ignited or even struck, owing to the pressure of the vapours and gases 
formed — free nitrogen, carbonic anhydride, CO2, carbonic oxide, CO, and 
aqueous vapour. In the explosion of nitro- compounds ^^ ^ much heat is 

appearance as the cotton originally taken, difleni from it entirely in properties. II 
explodes when stmok, bursts into flame rery easily under the action of sparks, and acto 
like gunpowder, whenoe its name of pyroxylin, or gun-«otton. The compositicm of 
gun-cotton is CeH7N30ii = C^ioOj + 8NHO3 - 8H0O. The proportion of the group NOj 
in nitrocellulose may bo decreased by limiting the action of the nitric acid and 
compounds obtained with different properties; for instance, the (impure) well-known 
collodion cotton, containing from 11 to 13 per cent, of nitrogen, and pyro-eollodion 
(Mendeleeff, 1890), colataiuing 12*4 per cent, of nitrogen. Both these products are soluble in 
a mixture of alcohol and ether (in collodion a portion of the substance is soluble in alcohol), 
and the solution when evaporated gives a transparent film, which is insoluble in water. A 
solution of collodion is employed in medicine for covering wounds, and in wet- plate 
photography for giving on glass an even coating of a substance into which the various 
reagents employed in the process are introduced. Extremely fine threads (obtained by 
iorcing a gelatinous mixture of collodion, ether, and alcohol through capillary tubes in 
water) of collodion fonn artificial silk. 

S7 bia iTie property poosesced by nitroglycerin (occurring in dynamite), nitrocellulose, 
and the other nitro-compounds, of burning with an explosion, and their employment for 
■mokelcks powder and as explosives in general, depends on the reasons in. virtue of 
which a mixture of nitro and charcoal deflagrates and explodes; in both cases the 
elements of the nitric acid occurring in the compound aro decomposed, the oxygon in 
burning unitec with the carbon, and the nitrogen is set free ; tlius a very largo volume 
of gaecous substances (nitrogen and oxides of carbon) is rapidly formed from the solid 
substances originally taken. Those gases occupy an incomparably larger volume than 
the original substance, and therefore produce a powerful pressure and explosion. It is 
evident that in exploding with the development of heat (that is, in decomposing, not 
with the absorption of energy, as is generally the case, but with the evolution of energy) 
the nitro-compounds forto stores of energy which are easily set free, and that con- 
sequently their elements occur in a state of particularly energetic motion, which is 
especially strong in the group NO2 : this group is common to all nitro-compounds, and 
all the oxygen compounds of nitrogen are unstable, easily decomposable, and (Note 29) 
absorb heat in their formation. On the other hand, the nitro-compounds are instructive 
as an example and proof of the fact that the elements and groups forming compounds 
«re united in definite ord^r in the molecules of a compound. A blow, concussion, or 
rise of temperature is necessary to bring the combustible elements C and H into the 
most intimate contact with NOo, and to distribute the elements in a new order in new 
compounds. 

As regards the composition of the nitro-compounde, it will be seen that the hydrogen 
of a given substance is replaced by the complex group NO3 of the nitric acid. The sMne 
is observed in the passage of alkalis into nitrates, so that the reactions of substitution of 
nitrio acid — that is, the formation of salts and nitro-compounds — may be expressed in 
the following manner. In these (mses the hydrogen is replaced by the so-called radicle 
of nitric acid NOj, a? is evident from the following table:— 

, Caustic poUsh . . . KHO. 1 Glycerin CJEL^Oy. 

1 Nitre K(N02)0. iNitroglyoeirin . . . . C^»(N0^50j. 

f Hydrate of lime . . CaH,0^ r Phenol . . • . . . CeH»OH. 

1 Caloittm nitrate . . Ca(N02))02. tpiorioacid CeHs(N08)sOH,fto. 

Th« difbranoe between the salts lonned bj niftdo acid and the nitro-oompomidi 
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evolved, as in the combtiBtion of gunpowder or detonating gas, and in 
this case the force of explosion in a closed space is great, because from 
a solid or liquid nitro-compound occupying a small space there proceed 
vapours and gases whose elasticity is great not only frotn the small 
space in which they are formed, but owing to the high temperature 
corresponding to the combustion of the nitro-compoand.** 

If the vapour of nitric acid is passed through an even moderately 
heated glass tube, the formation of dark -brown fumea of the lower 
oxides of nitrogen and the separation of free oxygen m*y be observed, 
2NHO,=H,0 + 2NO, + 0. The decomposition is complete at a 
white heat— that is, nitrogen is formed, 2NHOj=sHsO + N,-f 0|. 
Hence it is easily understood that nitric acid may part with its oxygen 
to a number of substances capable of being oxidised.*^ It is con- 

eonusU in the fact that nitric acid it very eaaily Mparated from th« mIU of nitric add 
hj means of sulphuric acid (that is, by a method of double saline decomposition), whilsl 
nitric acid is not displaced by sulphuric acid from true nitro-componnds ; for instance^ 
nitrobenzene, CaH^NO}. As nitro-compounds are formed excIusiTely from hydzt>carb<ms^ 
they are dedcribcd with them in organic chemistry. 

The ^oup NOi of nitro-compounds in many cases (like all the oxidised eompoondsof 
nitrogen) pastes into the ammonia group or into the Smmonla radicle NHf. This x«qnirw 
the action of reducing substances evolving hydrogen : RNOf 4 6H « RNHs •»> 9H^. Thus 
Zinln converted nitrobenzene. CeH^'NO^, into aniline, CeH»*NH«, by the action of 
hydrogen sulphide. 

Admitting the existence of the group NOa, as replacing hydrogen in various 
compounds, then nitric acid may be considered as water in which half the hydrogen 
is replaced by the radicle of nitric acid. In this sense nitric aoid is nitxo>waier, 
NOa-OH, and its anhydride dinitro* water, (N04)«0. In nitric acid the radicle of 
nitric acid is combined with hydrozyl, jttst arin nitrobensene it is combined with th« 
radicle of benzene. 

It should here be remarked that the group NOs may be recognised in the salts of 
nitric acid, because the salts have the composition M(NOs)ii, JQ>t at the metallic chlorides 
have the compoHition MCU. But the group NOs cloes not form any other oompoonds 
beyond the salts, and therefore it should be considered as hydrozyl, HO, in which H is 
replaced by NO 2- 

9* The nitro-compounds pky a very important part in mining and artillery. Detailed 
accounts of them must be looked for in special works, among which the works of 
A. R. Shuliachenke and T. M. Chelletsoff occupy an important place in (he Rosaiaa 
literature on this subject, although historically the scientific works of Abel in England 
and Berthelot in France stand pre-eminent The latter elucidated much in connection 
with explosive compounds by a series of both experimental and theoretical lesearches. 
Among explosives a particularly important place from a practical point of view is 
occupied by ordinary or black gunpowder (Chapter XUI., Note 16), fuhninating 
mercury (Chapter XVI., Note 96), the different forms of gun-cotton (Chapter VL, Note 87) 
and nitro-glycerine (Chapter Vni., Note 46. and Chapter XIL, Note 88). The latter 
when mixed with solid pulverulent substances, like magnesia, tripoli, Ac, forma 
dynamite, which is so largely used in quarries and mines in driving tunnels, Sao, We 
may add that the simplest true nitro-compound, or marsh gas, CH4, in which Ul th« 
hydrogens are replaced by NO9 groups has been obtained by L. N. ShishkofL C(NO.L. 
as well as nitroform, CH(N0a)5. ^ ^^ 

» Nitric acid may be entirely decomposed by passing its vapour over highly inoan- 
descent copper, because the oxides of nitrogen Ant formed give up their oxygen to th* 
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aequently an rudditing agent. Ch&rcoaJ, aa we have alrendy seen, 
buraa in nitric acid ; pbocphorus, sulphar, iodine, and the majority of 
melak also decompose nitrio acid, some on heating and others even at 
the orelioary temperature ; the substaocea taken are oxidised and the- 
ilitrio acid ia deoxidised, yielding oorapounds containing leas osygen. 




Only afevf metals, such as gold and platinum, do notact on nitrio aoid, 
but the majority decompose it ; in so doing, an oxide of the metal is 
formed, which, if it boa the character of a base, aols on the remaininft 
nitrio acid ; hence, with the minority of metals the resdtt of the 
reaction is usually not an oxide of the metal, but the correspond) 

rri-hot melallio coppet, » tl«l water uid 

tana* t, mevu foe dekimuiilic tbe compoi 

other compouDdBoInLtrDgen with 
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of nitric add, and, at the tame time, one of the lower oxides of nitrogen. 
The resalting lalte of the metals are soluble, and hence it is said that 
nitric acid di$$olve» nearly all metals.^^ This case is termed the solntion 
of metals by acids, although it is not a case of simple solution, but a com- 
plex chemical change of the substances taken. When treated with this 
acid, those metals whose oxides do not combine with nitric acid yield 
the oxide itself, and not a salt ; for example, tin acts in this manner 
on nitric acid, forming a hydrated oxide, SnH|0^ which is obtained in 
the form of a white powder, Sn + 4NH0,«H|8n0, + 4NO2 + H,0. 
Silver is able to take up still more oxygen, and to convert a large 
portion of nitric acid into nitrous anhydride, 4Ag + 6HNO) 
= 4AgN03 4- NjOj+BHjO. Copper takes up still more oxygen from 
nitric acid, converting it into nitric oxide, and, by the action of zinc, 
nitric acid is able to give up a still further quantity of nitrogen, 
forming nitrous oxide, 4Zn + 10NHO,=4Zn(NO,)a + X2OH-5H,O.*> 
Sometimes, and especially with dilute solutions of nitric acid, the 
deoxidation procoods ns far as the formation of hydroxylamine and 
ammonia, nnd sometimes it leads to the formation of nitrogen itself. 
The foniiAtion cf one or other nitrogenous substance from nitric acid is 

*^ The ftpplicAtion of thii« acid for etcliing copi>or or Bteel in engraving i» based on 
thia fact. The copp*:r itt covered uilli a coating of wax, rcHin, Arc. (etching groand), oa 
which nitric acid docs not act, and then tho ground in removed in certain parts with a 
needle, and tho wholo in wtiHhod in nitric acid. The parts coated remain uotoached, 
whilst tho uncovered portions are eaton into by the acid. Copper plates for etchings, 
squatintK, Ac, uro prcp.;rod in thin manner. 

*• The fonnation of Huch comjilox equations as the above often presents some diffi- 
ctUty to the beginner. It should be observed that if the reacting and rosultsjit sub- 
stances be known, it is easy to form an equation for thd reaction. Thus, if we wish to 
form an ecjuation expreftMing the reaction that nitric acid acting on cine gives nitroat 
oxide, NjO, and zinc nitrate, Zn(XOi^^, wo must reason aa follows :— Nitric acid contains 
"hydrogen, whilst tho salt and nitrons oxide cIo not; hence water is formed, and therefor* 
it is as though anhydrous nitric acid, N-iO^, wore acting. For its conversion into mtn>os 
oxide it part;) with four equivalents of oxy^^on, and hence it is able to oxidise four eqoi- 
valents of 7.inc and to convert it into zinc oxide, ZnO. Those four eqniralents of xino 
oxide re<iuire for their conversion into the bait four more equivalents of nitnc anhydride; 
conse«juciitly five equivulcntfl in all of the latter are required, or ton eqaivcdents ci nitric 
acid. Tliurt ten equivalontsi of nitric arid are nece*:stiry for four cquiTslenta of 
tine in order to exprewti the i-caction in whole equivalents. It most not be forgotten, 
however, that there are v»«ry few stich rcuctions which can be entirely oxpreoced by simple 
equation**. The majority of equations of reactions only oxprcso the chief and ultimate 
proilucts of reaction, and thu.i none of t)ie three preceding eqoations express all tb#l 
in reality occnrs in the action of metals on nitric acid. In no one of them is only one 
oxide of nitrogen formed, bat always several together or coasecntively — one after th« 
other, according to the temperature and strength of the acid. And this is easily in- 
telligible. Tho resulting oxide is itself capable of acting on metals axMi of being 
deoxidised, and in tho presence of the nitric acid it may change the aeid and be itself 
changed. The equations given must be looked on as a systematic expression of tli* 
main features of reactions, or as a limit towards which they teud, bat to which thtj 
only attain in the absence of disturbing influences. 
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determined, not only by the nature of the reacting substances, but also 
by the relative mass of water and nitric acid, and also by the temper- 
ature and pressure, or the sum total of the conditions of reaction ; and 
as in a given mixture even these conditions vary (the temperature and 
the relative mass vary), it not unfrequently happens that a mixture of 
different products of the deoxidation of nitric acid is formed. 

Thus the action of nitric acid on metals consists in their being 
oxidised, whilst the acid itself is converted, according to the temperature, 
concentration in which it is taken, and the nature of the metal, &c., 
into lower oxides, ammonia, or even into nitrogen.^' Many compounds 
are oxidised by nitric acid like metals and other elements ; for instance, 
lower oxides are converted into higher oxides. Thus, arsenious acid is 
converted into arsenic acid, suboxide of iron into oxide, sulphurous 
acid into sulphuric acid, the sulphides of the metals, MqS, into sulphates, 
M3SO4, iic. ; in a word, nitric acid brings about oxidation, its oxygen 
is taken up and transferred to many other substances. Certain sub- 
stances are oxidised by strong nitric acid so rapidly and with so great 
an evolution of heat that they deflagrate and burst into flame. Thus 
turpentine, C|oH|e, bursts into flame when poured into fuming nitric 
acid. In virtue of its oxidising property, nitric acid reinaves the 
hydrogan from many substances. Thus it decomposes hydriodic acid, 
separating the iodine and forming water ; and if fuming nitric acid be 
poured into a flask containing gaseous hydriodic acid, then a rapid 

<> Moniemartini endeavours to show that the prodocts evolved in the action of nitrio 
Aoid upon metals (and their amount) is in direct connection with both the conoentration 
of the acid and the capacity of the metals to decompose water. Those metals which 
only decompose water at a high temperature give, under the action of nitric acid, NO^, 
N2O4, and NO ; whilst those metals which decompose water at a lower temperature give, 
besides the above products, N^O, N^, and NH3 ; and, lastly, the metals which decompose 
water at the ordinary temperature also evolve hydrogen. It is observed that concentrated 
nitric acid oxidises many metals with much greater difficulty than when diluted with 
water ; iron, copper, and tin are very easily oxidised by dilute nitric acid, but remain 
unaltered under the influence of roonohydrated nitric acid or of the pure hydrate NHO5. 
Nitric acid diluted with a large quantity of water does not oxidise copper, but it oxidises 
tin ; dilute nitric acid also does not oxidise either silver or mercury ; but, on the addition 
of nitrous acid, even dilute acid acto on the above metals. This naturally depends on 
the smaller stability of nitrous acid, and on the fact that after the commencement of 
the action the nitric acid is itself converted into nitrous acid, which continues to act on the 
silver and mercury. Veley (Oxford 1891) made detailed researches on the action of 
Bitric acid upon Cu, Hg, and Bi, and showed that nitric acid of 80 p.c. strength does 
Hot act upon these metals at the ordinary temperature if nitrous acid (traces are destroyed 
by urea) and oxidising agents such as H^Os, ECIO3, kc. be entirely absent ; but in the 
presence of even a small amount of nitrous acid the metals form nitrites, which, with 
HNO5, form nitrates and the oxides of nitrogen, which reform the nitrous acid 
aecessary for starting the reaction, because the reaction 2N0 + HNOj + H9O = SHNOg is 
reversible. The above metals are quickly dissolved in a 1 p.c. solution of niti-ons acid. 
Uoreover, Veley observed that nitric acid is partially converted into nitrous acid b/ 
gaseous hydrogen in the presence of the nitrates of Ca and Pb. 



280 PRINCIPLES OP CHEMISTRY 

reaction takes place, accompanied by flame and the separation of violet 
vapours of iodine and brown fumes of oxides of nitrogen/* 

As nitric acid is very easily decomposed with the separation ol 
oxygen, it was for a long time supposed that it was not capable of 
forming the corresponding nitric anhydridey NjOj ; but Deviile first 
AiPd subsequently Weber and others, discovered the methods of its for* 
nation. Deviile obtained nitric anhydride by decomposing silver nitrate 
by chlorine under the influence of a moderate heat. Chlorine acts on the 
above salt at a temperature of 95° (2AgN03 + Cl2 = 2AgCl-hN,OA + 0), 
and when once the reaction is started, it continues by itself without 
further heating. Brown fumes are given off, which arc condensed in a 
tube surrounded by a freezing- mixture. A portion condenses in this 
tube and a portion remains in a gaseous state. The latter contains 
free oxygen. A crystalline mas3 and a liquid substance are obtained in 
the tube ; the liquid is poured off, and a current of dry carbonic acid 
gas is passed through the apparatus in order to remove all traces of 
volatile substances (liquid oxides of nitrogen) adhering to the crystals 
of nitric anhydride. Those form a voluminous mass of rhombic crystals 
(density 1*64), which sometimes are of rather large size ; they melt at 
about '^0'' and distil at alx)ut 47*^.. In distilling, a portion of the sub- 
stance is decomposed. With water these crystals give nitric acid. 
Nitric anliydride is also obtained by the action of phosphoric anhydride^ 
P-^Oj, on cold pure nitric acid (below 0**). During tlie very careful 
distillation of equal pcw'ls by weight of thes^e two substances a por- 
tion of the acid decomposes, giving a liquid compound, H20,2NjOj 
=N.20;>,2HN03, whilst the greater part of the nitric acid gives tho 
anhydride according to the equation 2NII03 + Pjj04 = 2PH03 + N20^ 
On heating, nitric anhydride decomposes with an explosion, or grada- 
ally, into nitric peroxide and oxygen, N205=N204-J-0. 

Nitrogen pcroridet N2O4, and nitro(jen dioxide^ NO^ express one 

*^ When nitric acid acto on raiuiy or^'anic gubstanc^s it often happens that not only 
U hydrogen remored, but alno oxygen iu combined ; thu», for example, nitric acid con- 
▼erts toluene, CjHg, into benzoic acid, C7HaOj. In certain cases, also, a portion of the 
carbon contained in an organic sabstanco boms at tho exi>en8e of the oxygen of \hm 
oitric acid. So, for instance, phthalic acid, CgH«04, is obtained from naphthalene! C^^fi^ 
Thus the action of nitric acid on the hydrocarbons is often most complex; not only does 
nitrification take place, bnt also separation of carbon, displacement of hydrogen, and 
eombination of oxygen. There are few organic subKtances which can withstand th« 
action of nitric acid, and it causes fundamental changes in a number of theau 
It leaves a yellow stahi on the skin, send in a large quantity causes a wound and entixely 
.ctt^ awaylhe membranes of the body. The membranes of plants are eaten into with Um 
freaiest ease by strong nitric acid in just the samo manner. One of the moat doxabto • 
l»lQe vegetable dyes employed in dyeing tisanes is indigo ; yet it is easily converted into 
a pelloic iubiianee by the action of nitric acid, and mudl traces of free nitric acid nun 
be recognised by this meaoB. 
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tuid the fiame composition, but they should be distinguished like ordinaiy 
oxygon and ozone, although in this case their matual conversion is 
more easily effected and takes place on vaporisation ; also, O3 loses heat 
in passing into O,, whilst N,04 absorbs heat in forming NO^. 

Nitric acid in acting on tin and on many organic substances (for 
example, starch) gives brown vapours, consisting of a mixture of N,0| 
and NO). A purer product is obtained by the decomposition of lead 
nitrate by heat, Pb(N03),=2NO, + 0+PbO, when non-volatile lead 
oxide, oxygen gas, and nitrogen peroxide are- formed. The latter con- 
denses, in a well-cooled vessel, to a brown liquid, which boiU at about 
22^. The purest peroxide of nitrogen, solidifying at — 9^ is obtained 
by mixing dry oxygen in a freezing- mixture with twice its volume 
of dry nitric oxide, NO, when transparent prisms of nitrogen peroxide 
are formed in the receiver : they melt into a colourless liquid at aboufr 
— 10®. When the temperature of the receiver is above — 9®, the^ 
crystals melt^^^ and at 0® give a reddish yellow liquid, like that ob- 
tained in the decomposition of lead nitrate. The vapours of nitrogen 
peroxide have a characteristic odour, and at th^ ordinary temperaturo 
are of a dark-brown colour, but at lower temperatures the colour of 
the vapour is much fainter. When heated, especially above 50®, th» 
colour becomes a very dark brown, so that the vapours almost lose their 
transparency. 

The causes of these peculiarities of nitrogen peroxide were not 
clearly understood until Deville and Troost determined the density 
and dissociation of the vapour of this substance at different temperatures^ 
and showed that the density varies. If the density be referred to that 
of hydrogen at the same temperature and pressure, thea it is found ta 
vary from 38 at the boiling point, or about 27®, to 23 at 135®, after 
which the density remains constant up to those high temperatures at 
which the oxides of nitrogen are decomposed. As on the basis of the 
laws enunciated in the following chapter, the density 23 corresponds 
with the compound NO) (because the weight corresponding with this 
molecular formulas 46, and the density referred to hydrogen as unity is. 
eqnaltohalf the molecular weight) ; therefore at temperatures above 135^ 
the existence of nitrogen dioxide only must be recognised. It is this 
gas which is of a brown colour. At a lower temperature it forms 

** Aeoording to o«rtoin Inrsnti^tiont, if » brown liqaid in formed from the melteil 

CTTstalf by bating above -9^, then th<>y no longer iiolidify at - 10^, probably because » 

certain amount of N/>} fand oxyg«fn) la formed, and thie eubatanco remains liquid at 

>80^, or it may be tliat the parage from 3N0t Into N,04 is not so eaaily accomplished 

«s the plissage from N9O4 int<i 3NO9. 

Liquid nitrogen peroxide (that Is, a mixture of N0| and N9O4) is employed in admix-, 
tore with hydrocarbons as an •nplntUw, 
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nitrogen peroxide, N2O4, whose molecular weight, and therefore density, 
is twice that of the dioxide. This substance, which is isomeric with 
nitrogen dioxide, as ozone is isomeric with oxygen, and has twice as 
great a vapour density (46 referred to hydrogen), is formed in greater 
quantity the lower the temperature, and crystallises at —10®. The 
reasons both of the variation of the colour of the gas (N2O4 gives 
colourless and transparent vapours, whilst those of NO2 are brown and 
opaque) and the variation of the vapour density with the variation of 
temperature are thus made quite clear ; and as at the boiling point a 
density 38 was obtained, therefore at that temperature the vapours 
consist of a mixture of 79 parts by weight of N2O4 with 21 parts by 
weight of NOj.** It is evident that a decomposition here takes place 
the peculiarity of which consists in the fact that the product of decom- 
position, NO2, is polymerised (i.e. becomes denser, combines with itself) 
at a lower temperature ; that is, the reaction 

N204 = N02 + NOi 

is a revei-sible reaction, and consequently the whole phenomenon r©- 
presonU a disHociation in a homogeneous gaseous medium, where the 
original substance, N2O4, and the resultant, NO2, are both gases. The 
measure of dissociation will bo expressed if we find the proportion 
of the quantity of the substance decomposed to the whole amount of 
the substance. At the boiling point, therefore, the measure of the 
decomposition of nitrogen peroxide will be 21 p.c. ; at 135** it = 1, 
and nt 10° it = ; that is, the N2O4 is not then decomposable. 
Consequently the limits of dissociation here are — 10° and 136® at 
the atmospheric pressure.^* Within the limits of these tempe 



*^ Because if x equal the amount by weight of N3O4, ite volume will =•2' ,'46, and th* 
amount of NO^ will =100 — j;, and connequcntly its volume will =(100— jr)/28. But the 
■mixture, having a denaity 88, will weigh 100; consequently its volume will =100/88. 
Hence x.46 + (100-a:)/23 = 100,38, or x = 790. 

^^ The phenomena and laws of dissociation, which we shall oonsider only in p<uiical«r 
inRtiincet*, are discussetl in. detail in works on theoretical chemistry. Nevertheless, in 
rcRpect to nitrogen peroxide, as an historically important example of dissociation in a 
homogeneous gaseous medium, we will cite the results of the careful investigatione (188^ 
1880) of E. and L. Natanson, who determined the densities under various conditioua ol 
temperature and prtThsure. Tlie degree of dissociation, expressed as above (it may also be 
expressed otherwise —for example, by the ratio of the quantity of substance decompoaed to 
that unaltered), proves to increase at all temperatures as the pressure diTiiinishcs, which 
would bo expected for a homogeneous gaseous medium, as a decreasing pressure aids 
the formation of the lightest product of dissociation (that having the leant density or 
largest volume). Thus, in the Natansons* experiments the degree of dissociation at C in- 
creases from 10 p.c. to 80 p.c, with a decrease of pressure of from 251 to 88 mm.; at 49°'7 
it increases from 49 p.c. to 98 p.c, with a fall of pressure of from 498 to 27 mm., and at 
100** it increases from 89*2 p.c to 99*7 p.c, with a fall of pressure of from 732*5 to 11*7 mxn. 
At 130° and 150° the decomposition is complete "^th at is, only NOg remains at the low 
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tures the vapoorg of nitrogen peroxide have not a constant density, but, 
on the other hand, above and below these Unfits definite substances exist. 
Thus above 135® N9O4 has ceased to exist and NO2 afone remains. It 
is evident that at the ordinary temperature there is a partially dissociated 
system or mixture of nitrogen peroxide, NjO^, and nitrogen dioxide, 
NO]. In the brown liquid boiling at 22® probably a portion of the 
NsOf has already passed into NO}, and it is only the colourless liquid 
and crystalline substance at —10® that' can be considered as pure 
nitrogen peroxide.^^ 

The above explains the action of nitrogen peroxide on water at low 
temperatures. N3O4 then acts on water like a mixture of the anhy- 
drides of nitrous and nitric acids. The first, N9O3, may be looked on 
as water in which each of the two4itoms of hydrogen is replaced by the 
radicle NO, while in the second each hydrogen is replaced by the radicle 
NO2, proper to nitric acid ; and in nitrogen peroxide one atom of the 
hydrogen of water is replaced by NO and the other by NOj, as is seen 

from the formuise — 

H|o. NO)q. NOIq. NOJ^. 
H)^' NOf^' NOj)"' NOa)^* 

or HjO; NgO,; Na04 ; N,0^ 

In fact, nitrogen peroxide at low temperatures gives with water (ice) 
both nitric, HNO,, and nitrous, HNO,, acids. The latter, as we shall 
afterwards see, splits up into water and the anhydride, N2O3. If, how- 
ever, warm water act on nitrogen peroxide, only nitric acid and mon- 
oxide of nitrogen are formed : 3N08 + H20=NO-f-2NH03. 

Although NO2 is not decomposed into N and O even at 500®, 
still in many cases it acts as an oxidising agent. Thus, for instance, 
it oxidises mercury, converting it into mercurous nitrate, 2N02 + Hg 

presBTireB (less than the atmospheric) at which thd Nataneons made their determina- 
tions ; but it is probable that at higher pressnres (of several atmospheres) molecules of 
Na04 would still be formed, and it would be exceedingly interesting to trace the pheno- 
mena under the conditions of both very considerable pressures and of relatively large 
volumes. 

^ Liquid nitrogen peroxide is said by Geuther to boil a\ 22^-20'', and to have a sp. gr. 
at 0° = 1'104 and tiCt 1&° " 1*474. It is evident that, in the liquid as in the gaseous state, 
the variation of density with the temperature depends, not only on physicalrbut also oni 
ohemical chsknges, as the amount of N3O4 decreases and the amount of NO3 increases with 
the temperature, and they (as polymeric substances) should have different densities, as 
we find, for instance, in the hydrocarbons C5H10 and CiJS.^^ 

It may not be superfluous to mention here that the measurement of the specific beat 
ol ft mixture of the vapours of N3O4 and NOa enabled Bertholot to determine that the 
transformation of 2N08 into N9O4 is accompanied by the evolution of about 18,000 units 
of heat, and as the reaction proceeds with equal facility in either direction, it wiD be 
exothermal in the one direction and endotheimal ih the other , and this clearly demon* 
etatttes the possibility of reactions taking place in either direction, although, as a role, 
reactions evolving heat proceed with greater 
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•= HgNOs + NO, being itself deoxidisecl iiUo nitric oxide, into which 
the dioxide in many other instances passes, and from which it is 
easily formed.^* 

Nitrous anhydnde^ N2O3, corresponds^^ to nitrous acid, NHOj, 
which forms a series of salts, the nitrites —for example, the sodium salt 
NaNO;,, the potassium salt KNO^, the ammonium salt (NH4)N02,^ 
the silver salt AgNO,,*' <J:c. Neither the anhydride nor the hydrate 
of the acid is known iu a perfectly pure state. The anhydride has only 
been obtained as a very unstable substance, and has not yet been fully 
investigated ; and on attempting to obtain the acid NHOg from its 
salts, it always gives water and the anhydride, whilst the latter, as ao 
intermediate oxide, partially or wholly splits up into NO + NO2. But 
the salts of nitrous acid are distinguished for their great stability. 
Potassium nitrate, KNO3, may be converted into potassium nitrite by 

^ Nitric acid of sp. gr. 1-51 imdissolring nitrogen peroxide becomes brown, whilil 
nitric acid of sp. gr. 132 is coloured greenish blue, and acid of sp. gr. below 1-15 remains 
colourless after absorbing nflrogen peroxide (Note B3). 

*" Nitrogen peroxido as a mixed substance has no corresponding independent salts, 
but Sabatier and Scndcrcns (1802) showed that under certain conditions NO3 combines 
directly with some metals — for instance, copper and cobalt — forming Cu^NOj and CoNO^ 
as dark brown po\vders, which do not, however, exhibit the reactions of salts. Thas 
by passing gaseous nitrogen dioxide over freshly reduced (fi-om the Oxides by heating 
with hydrogen) copper at 25^-80*', Cu.;NOa is directly formed. With water it partly gives 
off NOj and partly forms nitrite of copper, leaving metallic copper and its suboxide. 
The nature of theHC compounds has not yet been sufhciently investigated. 

^ Ammonium nitrite maybe easily obtained in solution by a similar method of double 
decomposition (for instance, of the barium salt with ammonium sulphate) to the other 
lalts of nitrous acid, but it decomposes with great ease when evaporated, with ero- 
lution of gaseous nitrogen, as already mentioned (Chapter V.) If the solution, however, 
be evaporated at the ordinary temperature under the receiver of an air-pump, a solid 
saline mass is obtained, which is easily decomposed when heated. The dry salt even 
decomposes with an explosion when struck, or when heated to about 70'' — NH^NOt 
« 2H3O + N). It is also formed by the action of aqueous ammonia on a mixture of nitrio 
oxide ^nd oxygen, or by the action of ozone on ammonia, and in many other instances. 
ZSrensen (16Ul)>prepared NH^NOj by the action of a mixture of N3O5 and other oxides 
of nitrogen on lumps of ammonium carbonate, extracting the nitrite of ammoniant 
formed with absolute alcohol, and precipitating it from this solution by ether. This salt 
is crystalline, dissolves in water with absorption of heat, and attracts moisture from the 
air. The solid salt and its concentrated solutions decompose with an explosion when 
heated to 60®-80°, especially in the presence of traces of foreign acids. Decomposition 
also proceeds at the ordinary temperature, bat more slowly ; and in order to preserve the 
salt it should be covered with a layer of pure dry ether. 

*> Silver nitrite, AgN02, is obtained as a very slightly soluble substance, as a preci* 
pitate, on mixing solutions of silver nitrate, AgNOs, and potassium nitrite, KNO3. It 
is soluble in a large volume of water, and this is taken advantage of to free it from 
silver oxide, which is also present in the precipitate, owing to the fact that potassium 
nitrite always contains a certain amount of oxide, which with water gives the hydroxide, 
forming oxide of silver with silver nitrate. The solution of silver nitrite gives, by doable 
decomposition with metallic chlorides (for instance, barium chloride), insoluble silver 
chloride and the nitrite of the metal taken (in this caee, barium nitrite, Ba(NOt)g). 
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depriving it of a portion of its oxygen ; for instance, by fusing it (at 
not too high a temperature) with metals, such as lead, KNOj-f Pb 
=KNOa + PbO.'*» "» The resultant salt is soluble in water, whilst the 
oxide of lead is insoluble. With sulphuric and other acids the solution 
of potiissium nitrite ''^ immediately evolves a brown gas, nitrous anhy- 
dride : 2KN0i + H2S04=K2S04 + N2O3 + HjO. The same gas (NaO.i) 
is obtained by passing nitric oxide at 0° through liquid peroxide of 
nitrogen,*^' or by heating starch with nitric acid of sp. gr. 1-3. At a 
very low temperature it condenses into a blue liquid boiling below 0°,*^ 
but then partially decomposing into NO + NOg. Nitrous anhydride 
possesses a remarkable capacity for oxidising. Ignited bodies burn in it, 
nitric acid absorbs it, and then acquires the property of acting on silver 
and other metals, even when diluted. Potassium iodide is oxidised by 
this gas just as it is by ozone (and by peroxide of hydrogen, chromic 
and other acids, but not by dilute nitric acid nor by sulphuric acid), 
with the separation of iodine. This iodine may be recognised {see 
Ozone, Chapter IV.) by its turning starch blue. Very small traces 
of nitrites may be easily detected by this method. If, for example, 
starch and potassium iodide arc added to a solution of potassium 
nitrite (at first there will be no change, there being no free nitrous acid), 
and then sulphuric acid bo added, the nitrous acid (or its anhydride) 
immediately set free liberates iodine, which produces a blue colour with 
the starch. Nitric aciil does not act in this manner, but in the presence 
of zinc the coloration takes place, which proves the formation of 
nitrous acid in the dcoxidation of nitric acid.^*^ Nitrous acid acts 



51 bi. Leroy (1880J obtarned KNO^ by mixing powdered KNO3 with BaS, igniting the 
mixture in a crucible and washing the fused salts ; BaS04 is then left as an insoluble 
residue, and KNO^ passes into solution : iKNOj + BaS - -iKNOi + BaSO^. 

** Probably potassium nitrite, KNO2, when ntrongly heated, especially with metallio 
oxides, evolves N and O, and gives potassium oxide, K^O, because nitre is liable to suob 
a decomposition ; but it has, as yet, been but little investigated. 

*' There are many researches which lead to the conclusion that the reaction N^Oj 
=-N0.2+N0 is reversible, i.6. resembles the conversion of Na04 into NO^. The brown 
colour of the fumes of N^Oj is due to the formation of NO^. 

If nitrogen peroxide be cooled to — 20^, and half its weight of water be added to it drop 
by drop, then the peroxide is decomposed, as we have already s^iiid, int« nitrous and nitric 
acids ; tlie former does not then remain as a hydrate, but straightway passes Into the 
anhydride, and, hence, if the resultant liquid be slightly wanned vapours of nitrous 
anhydride, N.^O^, are evolved, and condense into a blue liquid, as Fritesche showed. 
This method of preparing nitrous anhydride apparently gives the purest product, but it 
easily dissociates, forming NO and NO^ (and tlierefore also nitric acid in the prasence 
of water). 

^ According to Tliorpe, N-^Oj boils at + 18°. According to Geuther, at + 8°-5, and its 
«p. gcatO°al'449. 

^ In its oxidising action nitrous anhydride gives nitnc oxide, N.|05» 2N0 + O. That 
its analogy to ozone becomes still more marked, because in ozone it is only cnc'third of 
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directly on ammonia, forming nitrogen and water, HNOi+NH, 

Aa nitrouB anhydride eaaily splits up into NOs+NO, so, like NOg, 
with warm Water it gives nitric acid and nitric oxide, according to the 
equation 8NjO,+H,0«4NO-h2NHO,. 

Being in a lower degree of oxidation than nitric acid, nitrons acid 
and its anhydride are oxidised in solutions by many oxidising subatancea 
—for example, by potassium permanganate — ^into nitric add.*' 

JTtlrio oxide, NO.— This permanent gas '* (that {% unliquefiable by 
pressure without the aid of cold) may be obtained from all the above- 
deecribed compounds of nitrogen with oxygen. The deozidation of 
nitric acid by metals is the usual method employed for its preparation. 
Dilute nitric acid (sp. gr. 1*18, but not stronger, as then N^Os and 
NOs are produced) is poured into a flask containing metallic copper.^ 

tha oxygvn that acts in oxidising ; from O5 iher« is obtained O, which acta aa an oxidiMr, 
tad oommon oxygen 0). In a physical a«peot the relation between NgOj and 0^ iM 
rtrealed in the fact that both aabstanoea are of a bine colour when in the Uqaid state. 

M This reaction is taken advantage of for converting the amides, NH9B (where B iM 
an element or a complex group) into hydroxides, RHO. In this case KHtR -t- NHOf forms 
SN -f H9O + RHO } NH) is replaced by HO, the radicle of ammonia by the radicle of waief. 
Thii reaction is employed for transforming many nitrogenoas organic substances having 
the properties of amides into their corresponding hydroxides. Thus aniline, CeH^'KHy 
which is obtained from nitrobenzene, CeH^'NOa (Note 87), is converted by Aitrous anlqr* 
dxide into phenol, CeHs'OH, which occurs in the creosote extracted from coal tar. That 
the H of the benceoe is successively replaced by N0(, NHa, and HO ; a method which U 
■nitable for other cases also* 

^ The action of a solution of 'potassium permanganate, EMn04, on niteout acid in 
the presence of sulphuric acid is determined by the fact th4t the higher oxide of man- 
ganese, Mn^Ot, contained in the permanganate is converted into the lower oxide, MnO, 
which aa a base forms manganese sulphate, MnS04, and the oxygen serves for the oxida- 
tUm of the NfOj into N«0«, or its hydrate. As the solution of the permanganate is of a 
ted colour, whilst that of manganese sulphate is almost colourless, this reaction ia dearlj 
teen, ai^d may be employed for the detection and determination of nitroua acid .and its 
•alts. 

M The absolute boiling pbint « -98° (fM Chapter II., Note 99). 

M Kammerer pressed preparing nitnc oxide, NO, by pouring a solution of sodium 
nitrate over copper shavings, and adding sulphuric acid drop by drop. The oxidation of 
ferrous salts by nitric acid also gives NO. One part of strong hydrochloric acid ia takeo 
«nd iron is dissolved in it (FeCla). and then an equal quantity of hydrochloric aoid mod 
nitre is added to the solution. On heating, nitric oxide is evolved. In the presence of 
an excess of sulphuric acid and mercury the conversion of nitric acid into nitric oxide i* 
eomplete (that is, the reaction proceeds to the end and the nitric oxide is obtained withoai 
other products), and upon this is founded one of the methods for determining nitric acid 
(in nitrometers of various kinds, described in text- books of analytical chemistry), aa th» 
amount of NO can be easily and accurately measured volumetrioally. The amount of 
nitrogen in gun-cotton, for instance, is determined by dissolving it in sulphuric acid. 
Nitrous aoid acts in the same manner. Upon this property Emich (1693) founda hia 
method for preparing pure NO. He pours mercury into a flask, and then covers it with 
•olphurio acidi in which a certain amount of NaNOg or other substanoe corresponding 
^ HNOa or HNOs has been dissolved. The evolution of NO prooeeds at (he ordinary 
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The reaction commences at the ordinary temperature. Mercury and 
silver also give nitric oxide with nitric acid. . In these reactions with 
metals one portion of the nitric acid is employed in the oxidation of the 
metaJ, whilst the other, and by far the greater, portion combines with the 
metallic oxide so obtained, with formation of the nitrate corresponding 
with the metal taken. The first action of the copper on the nitric acid 
is thus expressed by the equation 

2NHO3 + SCurziHaO + 3CuO + 2N0. 

The second reaction consists in the formation of copper nitrate— 

6NHO3 + 3CuO=3H,0 4. 3Cu(N08)a. 

Nitric oxide is a colourless gas which is only slightly soluble in 
water (^^ of a volume at the ordinary tempera tui*e). Reactions of 
double decomposition in which nitric oxide readily takes part are not 
known — that is to say, it is an indifferent, not a saline, oxide. Like 
the other oxides of nitrogen, it is decomposed into its elements at a red 
heat (starting from 900°, at 1,200^ 60 percent, give N^ and 2N2O3, but 
complete decomposition into N2 and O2 only takes place at the melting 
point of platinum, Emich 1892). The most characteristic property of 
nitric oxide is its capacity for directly and easily combining with oxygen 
(owing to the evolution of heat in the combination). With oxygen it 
forms nitrous anhydride and nitrogen peroxide, 2NO + 0=N203, 
2NO + 02=2N02. If nitiic oxide is mixed with oxygen and imme- 
diately shaken up with caustic potash, it is almost entirely converted 
into potassium nitrite ; whilst after a certain time, when the formation 
of nitric peroxide has already commenced, a mixture of potassium nitrite 
and nitrate is obtained. If oxygen is passed into a bell jar filled with nitno 
oxide, brown fumes of nitrous anhydride and nitric peroxide are formed, 
even in the absence of moisture ; these in the presence of water give, as 
we already know, nitric acid and nitric oxide, so that in the presence of 
an excess of water and oxygen the whole of the nitric oxide is easily and 
directly converted into nitric acid. This reaction of the re-formation of 
nitric acid from nitric oxide, air, and water, 2N0 + H20 + 03=2HNO,, 
is frequently made use of in practice. The experiment showing the 
conversion of nitric oxide into nitric acid is very striking and instructive. 
As the inteiTnixture of the oxygen with the oxide of nitrogen proceeds^ 
the nitric acid formed dissolves in water, and if an excess of oxygen 
has not been added the whole of the gas (nitric oxide), being converted 

temperature, bein^ more rapid fts the surface of the mercury is increased (if ehaken, Uie 
reaction proceeds very rapidly). If the gae be passed orer KHO, it is obtained quite 
pore, because KHO does not act upon NO at the ordinary temperature (if heated, KNOf 
and NaO or N;( are formed). 
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into HNO3, is absorbed, and the water entirely fills the bell jar 
previously containing the gas.^^ It is evident that nitric oxide ^* in 
combining with* oxygen has a strong tendency to give the higher 
types of nitrogen compounds, which we see in nitric acid, HNO3 or 
N03(0H), in nitric anhydride, N2O5 or (N02)20, and in ammonium 
chloride, NH4CI. If X stand for an atom of hydrogen, or its 
equivalents, chlorine, hydroxy!, <Sec., and if 0, which is, according to 
the law of substitution, equivalent to fits, be indicated by X^, then the 
three compounds of nitrogen above named should be considered as 
compounds of the type or form NX5. For example, in nitric acid 
XftsOs-f (OH), where 0,^X4, and OHsX whilst nitric oxide is a 
componnd of the form KXj. Hence this lower form, like lower forms 
in general, strives by combination to attain to the higher forms proper to 
the compounds of a given element. NX2 passes consecutively into NXj 
—namely, into N3O3 and NHOj, NX^ (for instance NO2) and NX5. 

As the decomposition of nitric oxide begins at temperatures above 
900®, mamy substances bum in it ; thus, ignited phosphorus con- 
tinues to burn in nitric oxide, but sulphur and charcoal are extinguished 
in it. This is due to the fact that the heat evolved in the combustion 
of these two substances is insufficient for the decomposition of the nitric 

M This tranftformation of the pennanent gasea nitric oxidd and oxygen into liquid 
oiirio acid in the presence of water, and with the evolution of heat, presenie a moat 
ttriking instance of liquefaction produced by the action of chemical forces. They per- 
form with ease the work which physical (cooling) and mechanical (pressure) forces elleol 
with difficulty. In this the motion, which is so distinctively the property of the gasecut 
molecules, is apparently destroyed. In other cases of chemical action it is apparenilj 
created, arising, no doubt, from latent energy— that is, from the internal motion of the 
atoms In the molecules. 

*^ Nitric oxide is capable of entering into many characteristic combinations; it ia 
absorbed by the solutions of many acids, for ^ instance, tartaric, acetic, phosphoric, 
■olphuric, and metallic chlorides (for example, SbCls, BiClj, &c., with which it forms 
definite compounds ; Besson 1689), and also by the solutions of many salts, especially 
those formed by suboxide of iron (for instance, ferrous sulphate). In this case a brown 
compound is formed which is exceedingly unstable, like all the analogous oomponads of 
nitric oxide. The amount of nitric oxide combined in this manner is in atomic pro- 
portion with the amount of tb6 substance taken ; thus ferrous sulphate, FeS04, abeorbe 
it in the proportion of NO to 2FeS04. Ammonia is obtained by the action of a canstio 
alkali on the resultant compocund, because the oxygen of the nitric oxide and'water are 
transferred to the ferrous oxide, forming ferric oxide, whilst the nitrogen combines with 
the hydrogen of the water. According to the investigations of Gay (1885), the oompouiul 
ft formed with the evolution of a large quantity of heat, and is easily dissociated, like a 
iolution of ammonia in water. It is evident that oxidising substances (for example^ 
potassium permftnganate, KMn04, Note 67) are able to convert it into nitrie aeid. O 
the presence of a radicle NO^, composed like nitrogen peroxide, must be recognised ia 
the compounds of nitric acid, then a radicle NO, having the composition of nitric oxide^ 
may be admitted in the compounds of nitrons acid. The compounds in which the radicle 
NO is recognised are called nitrotO'Compoundt. These substances are described in 
Prof. Bunge's work (Kief, 1868). 
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oxid^ whilst the heat developed by burning phosphorus suffices to pro- 
duoe this decomposition. That nitric oxide really supports combustioni 
owing to its being decomposed by the action of heat, is proved by the 
fact that strongly ignited charcoal continues to burn in the same nitrio 
oxide ^* in which a feebly incandescent piece of charcoal is extin* 
guished. 

The compounds of nitrogen with oxygen which we have so far con- 
sidered may aiU be prepared from nitric oxide, and may themselves be 
converted into it Thus nitric oxide stands in intimate connection 
with them.^^ The passage of nitric oxide into the higher degrees of 
oxidation and the converse reaction is employed in practice as a meana 
for trans/erring the oxygen of the air to substances capable of being 
oxidised. Starting with nitric oxide, it may easily be converted, with 
the aid of the oxygen of the atmosphere and water, into nitric acid, 
nitrous anhydride, and nitric peroxide, and by their means employed to 
oxidise other substances. In this oxidising action nitric oxide is again 
formed, and it may again be converted into nitric acid, and so on con- 
tinuously, if only oxygen and water be present. Hence the fact, which 
at first appears to be a paradox, that by means of a small quantity of 
nitric oxide in the presence of oxygen and water it is possible to oxidise 

^ A mixture of nitric oxide and hydrogen is inflammable. If a mixture of the two 
gases be passed over spongy platinum the nitrogen and hydrogen even combine, forming 
ammonia. A mixture of nitric oxide with many combustible vapours and gases is very in- 
flammable. A very characteristic flame is obtained in burning a mixture of nitrio oxide 
and the vapour of the combustible carbon bisulphide, CS^. The latter substance is very 
▼olatile, so that it is sufficient to pass the nitrio oxide through a layer of the carbon bisul* 
^ude (for instance, in a Woulfe's bottle) in order that the gas escaping should contain a 
oonsiderable amount of the vapours of this substance. This mixture continues to bum 
when ignited, and the flame emits a large quantity of the so-called ultra-violet rays, 
which are capable of inducing chemical combinations and decompositions, and therefore 
the flame may be employed in photc^^phy in the absence of sufficient daylight (magnesium 
light and electric light have the same prox>erty). There are many gases (for instances 
ammonia) which when mixed with nitric oxide explode in a eudiometer. 

^ The oxides of nitrc^en naturally do not proceed directly from oxygen and nitrogen 
by contact alone, because their formation is accompanied by the absorption of a large 
quantity of heat, for {see Note 29) about 21,600 heat units are absorbed when Id 
parts of oxygen and 14 parts of nitrogen combine ; consequently the decomposition of 
nitric oxide into oxygen and nitrogen is accompanied by the evolution of this amount of 
heat ; and therefore with nitrio oxide, as with all explosive substances and mixtures, the 
reaction once started is able to proceed by itself. In fact, Berthelot remarked the decom« 
position of nitric oxide in the explosion of fulminate of mercury. Tliis decomposition 
does not take place spontaneously ; substances even bum with difficulty In nitrio oxide, 
probably because a certain portion of the nitric oxide in decomposing gives oxygen, which 
combines with another portion of nitric oxide, and forms nitric peroxide, a somewhat more 
stable compound of nitrogen and oxygen. The further combinations of nitric oxide with 
oxygen all proceed with the evolution of heat, and take place spontaneously by contact 
with air alone. It is evident from these examples that the application of tbermochemica) 
daU is limited. 
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an indefinitely large quantity of substances which cannot be directly 
oxidised cither by the action of the atnioepheric oxygen or by the 
action of nitric oxide itself. The sulphurous anhydride, SO,, which 
is obtained in the combustion of sulphur and in roasting many metallic 
sulphides in the air is an example of this kind. In practice this gas 
is obtained by burning sulphur or iron pyrites, the latter being thereby 
converted into oxide of iron and sulphurous anhydride. In contact with 
the oxygen of the atmosphere this gas does not pass into the higher 
/degree of oxidation, sulphuric anhydride, BO3, and if it does form sul- 
phuric acid with water and the oxygen of the atmosphere, SOj + HjO-f 
ssHaSO^, it does so very slowly. With nitric acid (and especially with 
nitrous acid, but not with nitrogen peroxide) and water, sulphurous 
anhydride, on the contrary, very easily forms sulphuric acid, and 
especially so when slightly licatod (about 40°), the nitric acid (or, better 
still, nitrous acid) being converted into nitric oxide — 

3SO, + 2NII03 + 2H,0 = 2H2SO, + 2NO. 

The presence of water is absolutely indispensable here, otherwise 
Sulphuric anhydride is formed, which combines with the oxides of 
nitrogen (nitrous iinliydride), forming a cr}*stalliue substance containing 
oxides of nitrogen (rhanihcr cri/><7 *?/>•, which will be described in Chapter 
XX.) Water destroys this coinj)ound, forming sulphuric acid and 
Separating the oxides of nitrogen. The water must be taken in a 
greater quantity than that required for the formation of the hydrate 
H.^SO.,, because the latter absorbs oxides of nitrogen. With an excess 
of water, however, solution does not take place. If, in the above re- 
action, only water, sulphurous anhydride, and nitric or nitrous acid be 
taken in a definite quantity, then a definite quantityof sulphuric acid 
and nitric oxide will be formed, according to the preceding equation ; but 
there the reaction ends and the excess of sulphurous anhydride, if there 
be any, will remain unchanged. But if we add air and water, then the 
nitric oxide will unite with the oxygen to fonn nitrogen peroxide, and 
the latter with water to form nitric and nitrous acids, which again give 
sulphuric acid from a fresh quantity of sulphurous anhydride. Nitric 
oxide is again formed, which is able to start the oxidation afresh if 
there be sufficient air. Thus it is possible witli a definite quantity of 
nitric oxide to convert an indefinitely large quantity of sulphurous 
anhydride into sulphuric acid, water and oxygen only being required.** 

•* Tlie intitanco of the action of & small quantity of NO in inducing » deflnito 
•hemical rCAction between largo masses (S02 + + H.^O"H,,S04) is very InstnicttTe, 
because t1i« particulurs relating to it Imve been studied, and show that intermediate 
fonna of reaction may bo discovered in the so-called contact or catalytic phenomena. 
The essence of the matter here is that A ( = SOa) reacts upon B ( « and H^) in the 
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This may be eo&ily demonstrated by an experiment on a small scale, if 

a certain quantity of nitric oxide be first introduced into a flask, and 

sulphurous anhydride, steam, and oxygen be then continually passed in. 

Thus the above-described reaction may be expressed in the following 

manner : — 

wSOa + nO + (nf r7?)H20 + NO=nH2S04,mH20 + NO 

if we consider only the original substances and those finally formed In 
this way a definite quantity of nitric oxide may serve for the conversion of 
an indefinite quantity of sulphurous anhydride, oxygen, and water into 
sulphuric acid In reality, however, there is a limit to this, because air, 
and not pure oxygen, is employed for the oxidation, so that it is necessary 
to remove the nitrogen of the air and to introduce a fresh quantity 
of air. A certain quantity of nitric oxide will pass away with this 
nitrogen, and will in this way be lost.^^ 

The preceding series of changes serve as the basis of the manufacture 
of sulphuric acid or so-called chamber acid. This acid is prepared on a 
very large scale in chemical works because it is the cheapest acid whose 
action can be applied in a great number of cases. It is therefore used 
in immense quantities. 

Mooe of C, because it gives BC, a substance which forms AB with A, and again liberates 
0. Consequently C is a medium, a transferring substance, without which the reaction 
does not proceed. Many simihur phenomena may be found in other departments of life. 
Thus the merchant is an indispensable medium between the producer and the consumer; 
•xperiment is a medium between the phenomena of nature and the cognisant faculties, 
tad language, customs, and laws are media which are as necessary for the exchanges 
of social intercourse as nitric oxide for those between sulphurous anhydride and oxygen 
and water. 

** If the sulphurous anhydride be prepared by roasting iron pyrites, FeSf, then 
Moh equivalent of pyrites (equivalent of iron, 50, of sulphur 83, of pyrites 120) requires 
six equivalents of oxygen (that is 96 parts) for the conversion of its sulphur into sul- 
phuric acid (for forming 2H3SO4 with water), besides 1^ equivalents (24 parts) for con- 
verting the iron into oxide, Fe^Os; hence the combustion of the pyrites for the formation 
of sulphuric acid and ferric oxide requires the introduction of an equal weight of oxygen 
(ISO parts of oxygen to ISO parts of pyrites), or five times its weight of air, whilst four 
parts by weight of nitrogen will remain inactive, and in the removal of the exhausted 
air wiU carry off the remaining nitric oxide. If not all, at least a large portion of the 
nitric oxide may be collected by passing the escaping air, still containing some oxygen, 
through substances which absorb oxides of nitrogen. Sulphuric acid itself may be employed 
for this purpote if it be used in the form of the hydrate H2SO4, or containing only a 
email amount of water, because such sulphuric acid dissolves the oxides of nitrogen. 
They may be easily expelled from this solution by heating or by dilution with water, as 
they are only slightly soluble in aqueous sulphuric acid. Besides which, sulphurous 
anhydride acts on such sulphuric acid, being oxidised at the expense of the nitrous anhy- 
dride, and forming nitric oxide from it, which again enters into the cycle of action. For 
this reason the sulphuric acid which has absorbed the oxides of nitrogen escaping from 
4he chambers in the tower x («m fig. 60) is led back into the first chamber, where il 
oomes into contact with sulphurous anhydride, by which means the oxides of nitrogen 
tee reintroduced into the reaction which proceeds in the chambers. This is the use of 
ihe towers (0%y-Lassac's and Glover's) whioh are erected al either end of the chambers. 
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solphuroas anhydride, .steam, air. and nitric acid, or some oxide of 
nitrogen, into the chambers. The sulphurous anhydride is produced by 
burning sulphur or iron pyrites. This is carried on in the furnace with 
four hearths to the left of the drawing. Air is led into the chambers 
and furnace through orifices in the funia<)e doors. The current of air 
and oxygen is regulated by opening or closing these orifices to a greater 
or less extent. The ingoing draught in the chambers is brought about 
by the fact that heated gases and vapours pass into the chambers, whose 
temperature is further raised by the reaction itself, and also by the 
remaining nitrogen being continually withdrawn from the outlet (above 
the tower k) by a tall chimney situated near the chambers. Nitric 
acid is prepared from a mixture of sulphuric acid and Chili saltpetre, 
in the same furnaces in which the sulphurous anhydride is evolved (or 
in special furnaces). Not more than 8 parts of niti*e are taken to 100 
parts of sulphur burnt. On leaving the furnace the vapours of nitric 
acid and oxides of nitrogen mixed with air and sulphurous anhydride 
first pass along the horizontal tubes t into the receiver b b, which is 
partially cooled by water flowing in on the right hand side and running 
out on the left by o, in order to reduce the temperature of the gases enter- 
ing the chamber. The gases then pass up a tower filled with coke, and 
shown to the left of the drawing. In this tower are placed lumps of coke 
(the residue from the dry distillation of coal), over which sulphuric acid 
trickles from the reservoir m. This acid has absorbed in the end tower k 
the oxides of nitrogen escaping from the chamber. This end tower is also 
filled with coke, over which a stream of strong sulphuric acid trickles from 
the reservoir M'. The acid spreads oven the coke, and, owing to the large 
surface offered by the latter, absorbs the greater part of the oxides of 
nitrogen ''.scaping from the chambers. The sulphuric acid in passing 
down the tower becomes saturated with the oxides of nitrogen, and 
flo^s out at h into a special receiver (in the drawing situated by the 
side of the furnaces), from which it is forced up the tubes h* h' by steam 
pressure into the reservoir m, situated above the first tower. The gases 
passing through this tower (hot) from the furnace on coming into con- 
tact with the sulphuric acid take up the oxides of nitrogen contained 
in it, and these are thus returned to the chamber and again participate 
in the reaction. The sulphuric acid left after their extraction flows 
into the chambers. Thus, on leaving the first coke tower the sulphurous 
annydride, air, and vapours of nitric acid and of the oxides of nitrogen 
pass through the upper tube m into the chamber. Here they come 
into contact with steam introduced by lead tubes 4nto various parts of 
the chamber. The reaction takes place in the presence of water, the 
sulphuric acid falls to the bottom of the chamber, and the same process 
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takes place in the following chambers until the whole of the sulpburoiii 
anhydride is consumed. A somewhat greater proportion of uir than it 
■trictly necessary is passed in, in order that no sulphurous anhydride 
should be left unaltered for want of sufficient oxygen. The presence 
of an excess of oxygen is shown by the colour of the gases escaping 
from the last chamber If they be of a pale colour it indicates an 
insufficiency of air (and the presence of sulphurous anhydride), as other- 
wise peroxide of nitrogen would be formed. A very dark colour shows 
an excess of air, which is also disadvantageous, becau.ie it increases the 
inevitable loss of nitric oxide by increasing the mass of escaping 
gases.^^ 

Nitrous oxid^y NjO,*^ is similar to water in its volumetric composi* 
tion. Two volumes of nitrous oxide are formed from two volumes of 

^ By thi« moanfl a.^ much as 2,500,000 kilograms of chambor acid, containing about 
eo per cent, of the liyilruto H3SO4 and about 40 per cent, of water, may be manufactured 
per year in ono plant of 6,000 cubic mctroA capacity (without atoppages). This proc<}M 
has been brought to rucIi a dcgroo of perfection that as mxxch as 900 parts of the hydrate 
H-jSO^ arc oblained from 100 partH of sulphur, whilst the theoretical amount is not 
greater than "<)(• parts. The acid parts with its ozcoss of water on heating. For this 
porposo it is heated in lead vessels. However, the acid containing about 75 per cent, ci 
the hydrate (Ou^ Daujue) already begins to act on the 1 earl when heated, and therefore 
the further removal of water is conducted hy evaporating in glass or platinum vessels, 
as will bo described in Chapter XX. The aqueous acid (60' Baume) obtained in the- 
chambers is teinie«i cliamber acid. Th«« acid concentrated to GO*^ BaumC is more 
generally employed, and sometimes the hydrate (Oti^ Baum<^) termed vitriol acid is also 
used. In England alono more than 1,000 million kilograms of chamber acid aro produced 
by this metho<l. The formation of sulphuric acid by the action of nitric acid was di»- 
coTered liy Drebln'l, and the first lead chamber was erected by Roebuck, in Scotland, in 
the middle of the lust century. The eiisencc of the process was only brought to light aJt 
the bcgiimin^ of this century, ivhcn many improvements were introduced into practice. 

'^ If i)w hydrate HNOj c<»rrt'si»ond8 to N3O4, the hydrate UNO, hyj^onitrcnm and, 
corresponds to N^O, and in this sense N^O is hyponitroua anhydride. Hyponitnnui 
ficid, corresponding with nitrous oxide (as its anhydride), is not known in a pure state, 
but its salts (Divers) are known. They are prepared by the reduction of nitrous (and 
oonsequently of nitric) salts by sodium amalgam> U this amalgam be added to a cold 
solution of an alkaline nitrite until the evolution of gas ceases, and tbe excess of alkali 
saturated with acetic acid, an insoluble yellow precipitate of silver hyponiirite, NAgO, 
will be obtained on adding a solution of silver nitrate. This hyponitrite is insoluble in 
cold acetic acid, and decomftORes when heated, with the evolution of nitrous oxide. If 
rapidly heated it decomposes with an explosion. It is dissolved unchanged by weak 
mineral acids, whilst the stronger acids (for example, sulphuric and hydrochloric acids) 
decompose it, with the evolution of nitrogen, nitric and nitrous acids remaining in solution. 
Among the other salts of liyponitrous acid, HNO, the salts of lead, copper, and mercury 
are insoluble in water. Judging by the bond between byponitrous acid and the otbor 
compounds of nitrogen, there is reason for thinking that its formula should be doubled, 
NaHjOj. For instance, Thoune (1893) on gradually oxidising hydroxylamine, NHa(OH), 
into nitrous acid, NO(OH) (Note 25), by means of an alkaline solution of KM0O4, first 
obtained hyponitrous aci€, N^H^Oa, and then a peculiar iatormediate acid, NaHjOj, whick, 
by further oxidation, gave nitrous acid. On tlie other hand, Wislicenus (1698) showed 
that in the action of the sulp}iuric acid salt of hydroxylamine upon nitrite of sodium, 
there is formed, besides, nitrous oxide (aooordinf to V Meyer, NHsOH9S04'«>NaN<V 
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■tiitrogen andonavolumeof oxygen, vfaicfa may be shown bj the onjinar; 
method for the analysis of the oxides of nitrogen (by ptiEsing them over 
red-hot copper or sodium). In oontradistiDction to the other oxidea of 
nitrogen, it ie not directly oxidised by oxygen, but it may b« obtained 
from the higher oxides of nitrogen by the action of certain deoxidising 
Bubatanees ; thus, for example, a mixture of two volumes of nitric oxide 
•nd one volume of sulphurous anhydride if left in contact with water 
and Epongy platinum is converted into sulphuric acid and nitrous oxide, 
2N0+S0, + H,0=HiSO, + N,0. Nitric acid, aUo, under the action 
of certain metals— (or iuatance, of line*' — gives nitrons oxide, although 
in this cose mixed with nitric oxide. The usual inetKod of preparing 
nitrons oxide consists in the decomposition of amiooniuro nitrate by the 
aid of heat, because in this case only water and nifrous oxide are formed, 
NH,N03=2H50 + NjO {a mixture of NEiC! iind KNO, is sometiroea 
taken). The decomposition ^^ proceeds very easily in an apparatus like 
that used for tho preparation of ammonia or oxygen — that is, in a 
retort or flask with a gaa- conducting tube. The decomposition must, 
however, be carried on carefully, as otherwise nitrogen ti formed froip 
the decomposition of the nitrous oxide,'* 



• NiiHSO,+ aHiO * N]0), B UDoll unounl of brpanitniiuacid which may b« piesipiUUd 
ia tho rorm of tho BCTer uJt ; ud thit rvActiap i« moal ahaplj cxpK«fi#d bj Ukin^ Iho 
dooblnd funpulii ol byponitniai Bcid, NHj(OH) + N0(0IIl-a,0 + N^,0,. Tho bstt 
u^ment inlAVOQT at the doublod (ormnlA in Ihe property po«seBBcd by hjpoDitroui add 
of tormuig add laltB. HNaNgO, (Zom}. 

AccQnIinf? to Thaooe^ the faUomin^ anj the pTop«rlJeB of hjpomtroua aoid Whea 

liberated fiom the drj lilver i^t by the actioti of di7 aulphureUed hydrogen, byponltrttii 

Datable, and eaiily eiplodw eion at low tempenlDTti*. Bni when diaiolied in 

m water (having been foriDed by the action pi hydrochlorie acid n|xm the aiWer Bait), it ta 

g.Itable ana whea boj'led with dilate aoida and alkaJii. The ulution Ig eolourleo and 

L itnmgly aeid reeoLion. In the coone of time, liowever. the aqoaona eola^oa alio 

I Diide and vatec. The compleleoiidalioD by perntMiguuM of 

ling to the following eqnutioni aE,N]Oi4-BKUnO(+11iB^0t 

Vaio!DI03+4E,SO,tSUnSO,4-llBgO. Is an aDuJioa lolDtion, KMnO, only oiidla«i 

3 into uitioaa and not into niliie acid. Nitrooi Kid hat ■ decompoiliig 

_ in upon hyponitroui acid, and if the ajjoeoua aolntions of the two addi t» miied ti> 

gethu Ihey hmnediattily give oft niidei ol nitiogen, Byponitrnoi acid doei not libetale 

CO, from ite Baits, bnt on Iba othai hand it u not dltplaeed by CO^ 

<■ It it leiuuluble (hat eleotro.depoaited oopper powder giiea nitroDii oiido with a 
JO p.c. icJation of nitric aoid, whilst ordinary upper givea nitric oxide. It Ib here 
«Tidetit that the phytical and Tnechanieal atrBCtore ol the anbitanM aSeote lbs coone ol 
the reaction— that ia t^ say, it is a case of cod tact-action. 

■■ This decomposition is acccmpaniad by tho e'oliitiaa of about 16,01)0 caloriea per 
noleeulai qsanlity, NHiNOg, and therefore tahai pUes wixh ease, and soraetimea with 
an explosion 

"> Id order to remoTe any nitric oiida that might be preaent, the gas obtained U 
pused throDgh • solalioo ot fciraus sulphale. As nitroifs oiide is very lolnble in eold 
water (at 0°, 100 lolnmes of walar diasolia IBO ToloioeB ot Sfi ; at 30°. SI volomeB), it 
^ The niCtoiu oiide is i 
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Hitroas oxide is not a permaoent gu (absolute boiling point 4-34"), 
it is eaaily liquefied by the action ot oold under a high preaiure , at 
16* it may be liquefied by a pressure o( about iO atmoipherei. Thia 
gM ia usually liquefied by menns of the force pomp " shown in fig. W ^"WJ 
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UulH nitric oildo VilUrd obtained a crfilalloh^idnte, NgOOHiO, irhicb ni loUnblj 
■Ublo kl 0° 

'I Firadny obUined liquid nitroai oiida by Iho urae melhod aa liipiid «■""'""■*. 
bj taullnE dry aDunonlnm nittkU In a eloied bout tube, ooa arm «l vhioli vai immsnad 
la a IrecEing niiitaro. In tliii caK tiro Ujen ot tlqold an obtaioad at tbs cootad end, 
• lover Uyn ot mtoi and an npper la;or □[ Ditious oiida. Tliii aip*rjni«n) should ba 
CDndoeled wilh great care, aB tba prgiiure ol tlio nilrom oiido In a liquid atal* iJ OOth 
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As it is liquefied with comparative ease, and as the cold produced hy it» 
vaporisation is very considerable,^^ it (as also liquid carbonic an- 
hydride) is often employed in investigations requiring a low tempera* 
ture. Nitrous oxide forms a very mobile, colourless liquid, which acta 
on the skin, and is incapable in a cold state of oxidising either 
metallic potassium, phosphorus, or carbon ; its specific gravity is 
slightly less than that of water ^0^ = 0-910, 10* «= 0-866, 35* = 060, 
39** sr 0-45, Villard, 1894). When evaporated under the receiver of an 
air-pump, the temperature falls to — 100^ and the liquid solidifies 
into a snow-like mass, and partially forms transparent crystals. Both 
these substances are solid nitrous oxide. Mercury is immediately 
solidified in contact with evaporating liquid nitrous oxide.^' 

When introduced into the respiratory organs (and consequently 
into the blood also) nitrous oxide produces a peculiar kind of intoxica- 
tion accompanied by spasmodic movements, and hence this gas, 
discovered by Priestley in 1776, received the name of * laughing gas.' 
On a prolonged respiratioa it produces a state of insensibility (it is an 
anaesthetic like chloroform), and is therefore employed in dental and 
surgical operations. 

Nitrous oxide is easily decomposed into nitrogen and oxygen by the 
action of heat, or a series of electric sparks ; and this explains why a 
number of substances which cannot bum in nitric oxide do so with 
great ease in nitrous o^ide. In fact, when nitric oxide gives some 
oxygen on decomposition, this oxygen immediately unites with a fresh 
portion ot the gas to form nitric peroxide, whilst nitrous oxide does 
hot possess this capacity for further combination with oxygen.^^ A 
toixture of nitrous oxide with hydrogen explodes like detonating 

•iderftble, namely (according to Regnauli), a^+10^«"45 atmospheres, at 0^*86 atnio- 
•pheres, at — 10^b29 atmospheres, and a^ .— 20*^aSd atmospheres. It boils at ~0i^. 
and the pressure is then therefore » 1 atmosphere {tee Chapter II.i Note 27). 

^' Liquid nitrous oxide, in vaporising at the same pressure as liquid carbonic 
Anhydride, gives rise to ahnost equal or even slightly lower temperatures. Thus at * 
pressure of 95 mm. carbonic anhydride gives a temperature as low as «- 115°, and nitrout 
6xide o! —135^ (Dewar). The ^milarity of these properties and even of the abeolnie 
boiling point (COa+Sa^, NaO-i-86°) is all the more remarkable because these gases have 
the same molecular weight «- 44 (Chapter VII.) 

" A very oharacteristio experiment of simultaneous combustion and intense cold 
may be performed by means of liquid nitrous oxide f if liquid nitrous oxide be poured 
Into a test tube containing some mercury the mercury will solidify, and if a piec* 
of red-hot charcoal be thrown upon the surface of the nitrous oxide it will continue lo 
bum very brilliantly, giving rise to a high temperature. 

f* In the following chH>ter ^o shall consider the volumetric composition of th» 
otidet of nitrogen. It explains the difference between nitric and nitrous oxid«. 
l^itrout oxide it formed with a diminution of volumes (contraction), nitric oxide without 
contraction^ its volume being equal to the sum of the volumes of the nitrogen and oxygeo 
of wbkb it itf o^mpoeed. By ozidittioo, if it could be directly accomplished, two volnmet of 
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gas, gaseoni nitrogen being formed, N^O+HssHaO+Nt. The 
▼olume of the remaining nitrogen it equal to the original volume of 
nitrous oxide, and is equal to the volume of hydrogen entering into 
combination with the oxygen ; hence in this reaction equal volumes of 
nitrogen and hydrogen replace each other Nitrous oxide is also very 
easily decomposed by red-hot metals ; and sulphur, phosphorus, and 
charcoal bum in it, although not so brilliantly as in oxygon. A sub* 
stance in burning in nitrous oxide evolves more heat than an equal 
quantity burning in oxygen ; which most clearly shows that in the 
formation of nitrous oxide by the combination of nitrogen with oxygen 
there was not an evolution but an absorption of heat, there being no 
other source for the excess of heat in the combustion of substajices in 
nitrous oxide {see Note 29). If a given volume of nitrous oxide be 
decomposed by a metal — for instance, sodium — then there remains, 
after cooling and total decomposition, a volume of nitrogen, exactly 
equal to that of the nitrous oxide taken ; consequently the oxygen is, 
■0 to say, distributed between the atoms of nitrogen without producing 
an increase in the volume of the nitrogen. 

ailfoiu oxide and one volume of oxygen would not give three but four volumes of nitrio 
oadde. These tacts must be taken into consideration in comparing the calorific eqoi- 
valtntt of formation, the capacity for supporting combustion, and other propertiat d 
Bltooas snd nitric oxides, NfO and NO 
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